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CHAPTER I 
INTRODUCTION 
Although fungus diseases are not among the most common 
diseases of birds, they are prevalent enough to warrant consider­
ation. Sporadic outbreaks of aspergillosis occur rapidly, usually 
without warning, and may result in large numbers of birds being in­
fected. Once the infection has begun, treatment of individual birds 
is considered useless, since no known therapeutic methods can 
completely eradicate the disease. Instead, the source of the in­
fecting material such as feed or moldy litter is sought and re­
moved to prevent further spread throughout the flock. 
Vigorous, healthy adult birds apparently possess considerable 
resistance when exposed to large numbers of Aspergillus spores under 
the natural condition. Those that become infected probably do so 
because of lowered resistance or severe individual exposure to 
spores. In contrast to this, heavy losses are frequently observed 
in newly hatched chicks where the disease is called "brooder 
pneumonia" or "pneumonic de couveuse" (35). 
The fungus infection of the respiratory system has been 
referred to as mycosis. Two other interrelated factors, allergy 
and toxicosis, also have to be considered in the overall picture 
of aspergillosis in chicks. 
1. 
2. 
Aspergillus fumigatus Fresenius has caused mortality up 
to 90% when susceptible animals are exposed to heavy con­
centrations of conidia (37). Considered almost as pathogenic 
is the species A. flavus Link, especially as an agent of 
pulmonary diseases (35). Other pathogens of aspergillotic 
lesions in birds are A. terreus Thorn and the A. glaucus group 
Link (A. repens being a member). In the 4 Aspergillus species 
variability in pathogenicity exists, which in previous years 
has been based upon LDjq for mice when challenged by intravenous 
(iv) injection of conidia. 
Clinical signs and symptoms of aspergillosis vary in 
acute or chronic infection in chickens. Acute pulmonary 
infection results in listlessness, gasping for breath, fetid 
diarrhea and death within several days. Grayish or yellowish-
white lesions are found within the lungs; the air sacs may also 
be involved. Following an acute attack, a chronic infection can 
occur. In this type of infection, gross pathology shows con­
solidation of lungs, with plaque-like lesions (buttons) several 
mm in diameter eventually coalescing into a fibrinocaseous mass 
which may contain a felt-like mat of greenish sporulating 
conidiophores (35). 
Henrici (17) considered fungus infection in intravenously-
injected rabbits to occur as distinct disease forms depending 
upon numbers of injected conidia. With the smallest doses 
administered, lesions developed into tubercles resembling those 
produced by tubercle bacilli (Mycobacterium tuberculosis) Zopf 
3. 
with subsequent survival of experimental animals to 10 days 
or longer. 
In experimental studies where A. furoigatus spores were 
dusted on erabryonating eggs in a chick brooder (34° C), mold 
penetration occurred in those chicks whose eggs had been previously 
cracked. Chicks that survived were found to exhibit acute 
pulmonary symptons by the 2nd day. But these same chicks by 
10 days showed no respiratory distress as well as negative lung 
cultures for fungus, indicating a remission (49). 
Ability of antibiotics and corticosteroids to alter host 
susceptability to fungus infections have been thoroughly reviewed 
by Sidransky and Verney (42). Mice pretreated with cortisone 
acetate, then exposed to dry A. flavus spores using an exposure 
chamber fitted with a powder atomizer, proved to have increased 
susceptability (41, 42). Penicillin ("Bacillin") inoculated 
subcutaneously together with cortisone resulted in high mortality, 
while treatment with penicillin or cortisone alone, resulted in no 
deaths in mice. 
Wright e_t (50) administered "Aureomycin" 
(chlortetracycline) at concentrations between 0 and 9.20 gm per 
gallon of drinking water to newly hatched A. fumigatus-infected 
chicks. Daily 10 1 air samples were removed from the hatching in­
cubator through a cellulose membrane filter and cultured to compare 
air borne mold populations from the 11th day of incubation to 
termination of the experiment. They showed that a rise in 
population of molds increased markedly by the 21st day presumably. 
4. 
due to a release of spores from the interior of eggs during 
hatching. However, they found no detectable difference in 
susceptability between Aureomycin-treated and controls. 
Toxic metabolites produced by certain Aspergillus species 
have been studied by early French mycologists (24; 11). Bodin 
and Gautier (9) extracted a toxin which was heat stable and 
comparable to bacterial endotoxin. More recent investigators 
such as Henrici (17) described toxins extracted from hyphae of 
A. furoigatus and A. flavus and found them similar to the toxin of 
the poisonous mushroom, Amanita phalloides. (Bull.) Fr. 
Toxins of this type were heat labile, and lethal for rabbits, 
guinea pigs, mice and chickens. Also rabbits receiving gradually 
increasing doses of toxins became resistant to iv injection of 
viable A, furoigatus spores, demonstrating that the toxin was 
antigenic. 
Further investigations by Tilden e_t al. (46) showed that 
A. furoigatus and A. flavus toxins obtained from washed mycelia, 
exhibited powerful nephrotoxic damage in mice resulting in uremia 
and high blood protein. Although A. fumigatus extracts had 
hemolytic properties for sheep erythrocytes, A. flavus extracts did 
not. Thus, although both were nephrotoxic, their chemical make-up 
differed. 
Previous to this, Tilden (45) showed a correlation between 
uremia produced by the toxin and that produced following spore 
injection. Evidently the gross and microscopic findings in the 
kidneys were identical, perhaps indicating toxicosis as a prime 
factor in pathogenicity. 
5. 
Â thorough search of recent literature has revealed few 
experimental findings on aspergillosis in newly hatched chicks. 
One study using egg incubators inoculated with A. furoigatus grown 
on wheat showed that chicks less than 3 days of age showed 
deminished resistance to infection (31). Although plaques were 
observable in lungs and air sacs, no attempt was undertaken to 
determine the number of conidia present in the air when exposure 
occurred or the number retained in the lungs. 
The implication of commercial hatcheries being involved 
in the transmission of aspergillosis was based on the recovery of 
Aspergillus spp. from cracked eggs, living embryos, fluff from 
hatching compartments, and unthrifty chicks (31). In an attempt 
to establish if infection and transmission did occur this way, 
Wright ejt al. (49) dusted A. furoigatus spores onto 10-day-old 
incubating eggs. Following hatching, respiratory symptoms of 
aspergillosis were evident to the 3rd day but by the 4th day no 
distress was found. At 10 days brooding, cultures of the lungs 
were completely negative, suggesting a spontaneous remission. 
This they correlated with condition found under commercial 
conditions where, even though large numbers of chicks were hatched 
in mold Infested hatcheries, there was a relatively small number 
of chronic cases of aspergillosis. 
One important fact presented itself in Wright's experiment. 
A more significant study of the problem could be made because 
chicks were exposed to Aspergillus spores via the natural route of 
infection. 
6. 
Other researchers have used inhalation to Infect mice 
with A. flavus spores (41; 42). Homogenized left lungs, plated 
onto Sabouraud dextrose media (SDÀ) after appropriate dilutions, 
revealed the numbers of retained spores to be 0.5-1.5 x 10^/lung 
to produce chronic Infection, 
Routes of Inoculation, other than aerosol, have been used 
(38) but of these, (Intrapulmonary, Intrabronchlal nebullzatlon, 
Intratracheal Instillation) none have the advantage of simulating 
a natural route of Infection. 
Immunological studies with fractions obtained"from 
Aspergillus species, (protein, polysaccharide and lipid) have been 
used to obtain more Information about pathogenesis or mechanism of 
tubercle formation. Aspergillus polysaccharide (APS) fractions are 
antigenic, stimulating antibody production in rabbits (43). 
Rabbits immunized with polysaccharide also survive a normally 
lethal iv injection of Aspergillus spores (43). The lipid 
extract showed tubercle producing capability when Injected intra-
perltoneally (Ip) into guinea pigs (43). After 4 days, tubercles 
1-2 mm in diameter were observed which resembled the lesions 
produced by infection with viable spores of A. fumigatus. 
In a recent study of Japanese investigators of Aspergillus 
proteins and polysaccharides, delayed type skin reactions were 
elicited in sensitized rabbits or guinea pigs with the protein 
fraction, and Arthus type skin reactions with the galactomannan 
polysaccharide (APS-66). Delayed type skin reactions with redness 
greater than 10 x 10 mm were provoked in rabbits by injection of 
protein at concentrations as small as 0.25 mcg/0.1 ml. The rabbits 
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were immunized by 3 subcutaneous (sc) injections of 1 ml of 
conidial suspension into the right lower lobe of the lung (5). 
The polysaccharide showed no skin reaction with this 
method of immunization. Using another method of immunization by 
intramuscular (im) injection, of acetone-dried A. fumigatus in 
Freund's complete adjuvant (FCA) 3 times at 2-week intervals, 
then an injection of only the acetone-dried hyphae, they observed 
an Arthus reaction with the APS-66 fraction. Both fractions were 
suitable for the precipitation, complement fixation (CF), passive 
hemagglutination, and passive cutaneous anaphylaxis reactions. 
Rabbits immunized with A. fumtgatus as well as other species of 
Aspergillus were found to have antigen titers of 1:256,000 
when tested with APS-66 by the precipitation reaction. 
Serological methods such as double diffusion (Ouchterlony) 
and immuno-electrophoresis have also been used to demonstrate 
precipitating antibody in the sera of human patients with 
pulmonary aspergillosis (22). They showed that reactions to the 
Aspergillus antigens were specific, but a wide range of antibodies 
against the antigens in cultures were present in the sera of 
patients hypersensitive to the fungus. As many as 16 different 
precipitins were demonstrated in rabbits extensively immunized with 
A. fumigatus (8). 
Immunological methods also were used by Asakura £t £l. (2) 
when a survey was made of a zoological park in Japan for the 
presence of an allergic state to A. fumigatus in penguins. 
Using an alcohol-precipitated antigen from mycelial extract, skin 
reactions larger than 10 x 10 mm in diameter occurred between 24 
8. 
and 48 hours after sc Injection. Precipitation tests gave 
positive reactions up to 1:32 and 1:64 serum dilutions. In 
an attempt to show when skin reactions became positive, ducks 
were Inoculated iv with spores and tested at intervals. Skin 
tests became positive at the 3rd week, and negative after 
8 weeks. 
Although the fluorescent antibody technique (FA) has 
not yet been used extensively in the diagnosis of aspergillosis 
(35), Schmidt and Bankole (40) have used FA to detect A. flavus 
hyphae in soil. A. flavus antiserum labeled with fluorescein 
showed specificity along with absence of nonspecific staining of 
soil material. 
The fact that FA technique could be used for the detection 
of antibodies in serum greatly expanded its usefulness in 
diagnostic practice (12). This is known as the "indirect" or 
"laying" staining technique and involves the preparation of an 
anti-gamma-globulin in rabbits which is then combined with a 
fluorescent dye. This in turn is used to stain the gamma-globulin 
attached to the antigen. The indirect method is particularly 
useful since there is an increase in sensitivity (intensity of 
staining), elimination of a high titered antiserum, and use of 
the same fluorescent antibody to study many antigens (28). This 
method, it was thought, could prove of value in determining low 
titers of antibody in chicks infected with Aspergillus species. 
A more knowledgable understanding of the course of this 
fungus disease in newly hatched chicks is attempted in the hope 
that aspergillosis can become less of a problem or perhaps 
9. 
stringently controlled as Salmonella tvphltnurlum or other 
bacterial diseases in poultry. 
CHAPTER II 
STATEMENT OF THE PROBLEM 
The study of aspergillosis in chicks was undertaken to 
further expand basically 4 areas which were deemed important 
in an understanding of the disease state. Although pathogenicity 
obviously involves many factors, an attempt was made to study 
the variability of pathogenicity of Aspergillus species usually 
encountered in aspergillosis in domestic chicks. As mentioned 
previously, aerosolized spores closely approximate those 
conditions under which the natural infection occurs. Thus the 
determination of a minimum infective dose (MID) required to 
produce infection using this route should have greater 
significance. Of prime concern to the veterinarian is the 
establishment of positive diagnosis quickly and accurately so 
that preventive measures can be taken. Therefore, serological 
reactions and skin testing were conducted and an attempt was made 
to correlate this with detection of and the state of infection. 
A final area of investigation involved the indirect FA staining 
technique to detect the presence of antibodies in chick sera and 
its possible use as an aid in diagnosis of infection before 
autopsy. 
10. 
CHAPTER III 
MATERIALS AND METHODS 
1. Organisms Used for Study 
A culture of Aspergillus fumigatus #2727 was 
obtained from St, Patrick Hospital (S.P.), Missoula, Montana. 
This was isolated from sputum in a case of pulmonary 
aspergillosis. Cultures of A, terreus #WB 265 and A. repens 
#WB 13 isolates from chickens, were kindly supplied by Dr. 
K.B. Raper, University of Wisconsin. A. flavus #205 was 
obtained from the University of Montana mycological culture 
collection. Echerichia coli #3780 was obtained from the 
Microbiology department. University of Montana. 
2. Culture Media 
Trypticase-Soy (TS) broth, pH 7.3, (Baltimore Biological 
Laboratories) was used for all shake cultures of Aspergillus 
species. For growth of sporulating cultures, Sabouraud Dextrose 
Agar (SDA), pH 5.6 (Difco) in flat 320 ml wide mouthed culture 
bottles was employed. 
3. Collection of Spores for Establishing Infection 
Method (a) Culture bottles with cotton plugs were 
inoculated with spores from cultures of Aspergillus species on 
SDA slants, using sterile water as the suspending medium. Each 
flask was inoculated with approximately 1.0-2.0 ml of suspension 
and rotated to spread inoculum evenly over the medium. All 
II. 
12. 
cultures were incubated 1 week at 22° C. Rapid germination 
began after several days and completely covered the medium by 
the 7th day. Ten ml of sterile 0.1% Tween 80 in saline (T80S) 
was pipetted into the flasks then rotated gently to suspend the 
spores. The suspension was transferred to 200 ml sterile glass 
centrifuge bottles. Several 10 ml washings were pooled from 
the same flasks to obtain sufficient quantities of spores. 
Hemocytometer counts were made for each spore suspension using a 
Clay-Adams hemacytometer. More concentrated spore suspensions 
were obtained by first centrifuging in an International 
Refrigerated Centrifuge (Model PR-2) 15 minutes at 2000 rpm, 
then resuspending the spores in 0.1% T80S. To ensure complete 
separation of the individual spores, the suspension was placed 
into a jacketed Waring blender and blended at low speed for 5 
seconds. After adjusting to ca 8x10^ spores/ml by the direct 
counting method, 1 ml was removed and serial dilutions were 
made in sterile saline. Based upon hemocytome ter counts, the 
appropriate serial dilution tube was selected and triplicate 
SDA petri plates were inoculated for colony counts. All stock 
spore suspensions were held at 4° C in 0.1% T80S between successive 
exposure days. 
Method (b) This was similar to method (a) except for a 
few procedural changes. After spore concentrations were obtained 
by direct count, the suspension was centrifuged and resuspended 
in physiological saline, then stored at 4° C. Method (b) was 
selected after learning that 0.1% T80S decreased viability of spores 
over a 4 day period. Different Aspergillus spores varied in their 
13. 
resistance to Tween 80. The order of most resistant to least 
resistant was as follows: A, furoigatus, A. terreus, A. flavus. 
Several cultaring methods were attempted to obtain 
sufficient numbers of A. repens spores. A different culture 
medium (Czapeks medium plus yeast extract and peptone) together 
with greater aeration failed to produce satisfactory sporulating 
cultures. Therefore the species was excluded from the 
experimental infection of chicks. 
4. Preparation of Whole Cell Homogenates 
Ehrlenmeyer culture flasks (1000 ml) were filled with 
200 ml of TS broth, autoclaved, cooled, and inoculated with 
approximately 3-10 drops of spore suspension prepared from slant 
cultures. Incubation on a platform shaker 4 days at 37^ C 
produced thick mats of mycelia. Each day the culture flasks 
were rotated and swirled to prevent growth and subsequent 
sporulation on sides of the flasks. Growth of mycelia relatively 
free of spores were thus obtained. Cultures were vacuum filtered 
through a Buchner funnel onto Whatman No. 1 paper. The mycelial 
mat was washed with sterile distilled water and refiltered. This 
procedure was repeated 3 times. The cell mat was then placed in 
a Waring blender semimicro cup. Cold tap water was circulated 
through the jacket cup to disperse friction heat, and the mycelium 
was blended 1 hour at high speed. Extensive breakage of hyphae 
was ascertained by microscopic examination made at intervals during 
this period. The suspension was centrifuged in the cold at 
3,500 rpm 20 minutes in polyethylene centrifuge bottles and the 
14. 
supernatant was decanted and discarded. 
Nitrogen and dry weight determination were obtained 
to standardize the whole-cell horaogenates to 100 meg N/ral (33). 
A 1:10,000 final concentration of merthiolate was added to 
whole-cell homogenates in sterile serum bottles. 
5. Acetone-Dried Mycelia 
A modified procedure described by Okada £t a_l. (30) 
in obtaining the acetone-dried mycelia was used; cold acetone 
was substituted for acetone-ether. 
6. Aspergillus Protein Fraction 
Purification of the protein fraction Aspergillus Active 
Protein (AAP) was prepared from the acetone-dried mycelia. 
Stock AAP fractions obtained from the 3 Aspergillus species were 
held in an air tight container with desiccant at 4° C. Solutions 
were adjusted to contain 1 mg of AAP/ml of physiological saline 
and stored at 4° C. Nitrogen determinations were carried out on 
the 3 Aspergillus AAP fractions by the methods of Lowary £t £l.(23). 
7. Chromatographic Separation of AAP Proteins 
Ten mg of AAP protein were suspended in 2 ml 0.05M trisHCl 
buffer, pH 7.2, containing 0.2 g sucrose. The suspension was 
thoroughly mixed and then spun in a Serval ultracentrifuge at 
7,500 rpm for 20 minutes. The supernatant was removed by a syringe 
with polyethylene tubing attached and carefully layered onto a 
Sephadex G-75 column (0.9x60cra) (13). An automatic drop counter 
set to register 100 drops per tube was used to collect the effluent. 
15. 
Absorbance at 254, 260 and 280 ntn vas measured for each 
collecting tube using UV Coleman spectrophotometer. All 
3 AAP proteins were separated similarily and results obtained 
from absorbance at 254 nm were plotted. 
8. Aspergillus Polysaccharide Fraction 
Polysaccharide fraction Aspergillus Polysaccharide (APS) 
was obtained by the method of Miyazaki £t al. (27) from 
acetone-dried mycelia. This fraction was further purified by 
treatment with an equal weight of Amberlite R-120 (Ion-exchange 
resin, Mallinckrodt Chemical Works) and of DEAE cellulose 
(Celu Ion D, Nutritional Biochemicals Corporation) to remove 
contaminating ions. A relatively pure polysaccharide fraction 
APS II, was obtained on subsequent precipitation with absolute 
ethanol. Solutions of 25 meg APS II fractions per ml of sterile 
physiological saline were stored in serum bottles at 4^ C. 
9. Experimental Animals 
In all experiments on chicks, 1-day-old unsexed White 
Leghorn birds (WLH) were obtained from Westland Hatchery, Kent, 
Washington, or DeKalb birds (DeK) from Quality Hatchery, Billings, 
Montana, 
Rabbits used for immunization were obtained from a local 
Montana breeder. 
10. Adjuvants and Killed Aspergillus Conidia 
A 1000 ml culture flask containing 330 ml of TS broth 
was inoculated with E. coli by loop, placed on a platform shaker 
and incubated 24 hours at 37° C. After refrigerated centrifugation, 
16. 
the packed cells were washed 3 times with physiological saline 
and collected in a graduated centrifuge tube. Packed cell 
volume of E. coli was adjusted to equal the packed spore volume 
of the suspension of A. fumigatus conidia, then resuspended in 
a known quantity of physiological saline. A 0.5 ml aliquot 
sample was serially diluted with saline and plated onto 2 
nutrient agar plates. Sterile bent glass rods (hockey sticks) 
were used to spread the inoculum evenly. The suspension 
12 
contained 3.14x10 cells/ml. The E. coli suspension was 
placed in a 60° C water bath for 1 hour, after which time it was 
plated to assure sterility. After centrifugation, the packed 
cells were added to the viable A. fumigatus conidia suspension 
and held at 4° C. 
Conidia of A. fumigatus were killed by heating at 60° 
for 2 hours, then stored in 0.1% Tween 80 until used for aerosol 
challenge. 
Freund's complete adjuvant was obtained from Difco 
Laboratories. 
11. Nebulization of Aspergillus Conidia 
All experiments for inhalation challenge of chicks were 
carried out using the Middlebrook exposure chamber made available 
through the Stella Duncan Memorial Institute, University of 
Montana. In several experiments requiring long exposure, the 
suspensions of spores were introduced into the nebulizing 
mechanism through polyethylene tubing (I.D. 034" x O.D. 050") 
from a 10 ml syringe. The total number of spores nebulized was 
17. 
calculated by the formula c x v, where (c) Is the concentration 
of Aspergillus spores per ml, and (v) represents the volume 
nebulized. 
Irradiation with UV light eliminated the viable spores 
remaining in the chamber after each exposure and prevented 
contamination of the surrounding room when chicks were removed. 
(Trial experiments for UV resistance showed A. fumigatus spores 
were killed after 30 minutes 10 inches from the UV source). 
12. Whole Lung Counts 
The chicks were sacrificed following exposure to 
nebulized conidia and their lungs removed aseptically. Complete 
immersion of the birds in 5.0% Arophyl (potassium nicinoleate, 
phenylphenol, amylphenol) before dissection reduced the 
possibility of outside contamination. Forceps and scissors 
were kept in 70% ethyl alcohol and flamed prior to use. The lungs 
were weighed on an analytical balance, placed into a sterile 
blender cup containing 20 ml of physiological saline then blended 
at low speed 3 minutes. Tap water was circulated through the 
jacket to disperse friction heat. Serial dilutions of the mixture 
were made in saline, and duplicate SDA plates were inoculated 
with 0.1 ml aliquots spread with hockey sticks. The Waring 
blender was washed in detergent, rinsed with distilled water twice, 
and autoclaved between each lung count. After incubation at 37° C 
for 2 days, Aspergillus colonies were large enough to be counted 
on a Quebec colony counter. Total numbers of spores retained in 
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lungs per gram of lung tissues were determined also for 2 or 
more control chicks. 
Often lungs could not be handled immediately. 
Consequently some were frozen in sterile stoppered glass vials 
and stored. Freezing lung tissues however had a considerable 
effect on fungal viability. Thus, this procedure was avoided 
whenever possible. 
13. Immunization of Rabbits 
Five-tenths ml of FCA were emulsified with an equal volume 
of whole-cell suspensions containing the equivalent of 50 meg N. 
Five-tenths ml of the emulsion was then injected into each hind 
foot pad of rabbits according to the following schedule: 
Day 1 - Each rabbit was injected with Aspergillus whole-cell 
antigen. 
Day 51 - Each rabbit was skin tested with 0.5 ml of whole-cell 
antigen intradermally (id) into back region. 
Day 55 - All rabbits were bled from marginal ear veins and 
serums collected. 
Day 56 - Rabbits immunized with A. fumigatus and A. terreus 
were given additional doses of 1.0 ml 50 mcg/ml im. 
Day 63 - All rabbits were skin tested with homologous cell 
suspensions. 
Day 86 - All rabbits were bled from marginal ear veins. 
Day 89 - Sera were collected by cardiac puncture and frozen 
at -20° C. 
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The rabbit immunized against A. repens died suddenly 
on the 91sC day. Upon autopsy a large tumor was found 
completely filling the pleural cavity. Cultures from liver 
and tumor tissues on blood agar at 37° C were attempted, but 
no pathogens were isolated. • 
14. Immunization of Chickens 
Five 3-week-old chickens were immunized against A. 
fumieatus following the same procedures used for rabbits. 
Fifteen, 27 and 47 days following immunization the chickens were 
id tested in wattles for hypersensitivity. When chickens showed 
a response to injection of AAP, blood was drawn by wing veni 
puncture, sera collected and frozen at -20° C. 
15. Immunodiffusion Techniques 
All gel diffusion techniques used in this study were 
standard procedures (32). 
16. Serology 
Standard techniques were employed for precipitation and 
agglutination test. 
17. Fluorescent Antibody (FA) 
Indirect FA staining techniques used were those 
recommended by the National Communicable Disease Center (1). 
Bacto-FA chicken-globulin antiglobulin (rabbit) was obtained 
from Difco Laboratories and used to titrate experimental rabbit 
and chick sera. A Carl Zeiss fluorescence microscope was used 
in all studies. 
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18. Determination of Weight Gain 
Exposed chicks were weighed the same time each day 
for 24 days. Average weight gain of 5 randomly selected 
chicks per group was determined. Feed and water were supplied 
ad libitum. 
19. Hypersensitivity Testing in Combs and Wattles 
All chickens were tested for hypersensitivity 15, 27 
and 47 days after immunization. Five chickens previously 
immunized to A. fumigatus whole-cell suspension in FCA were 
id injected in 1 wattle with 100 meg A. fumigatus AAP in 0.1 ml 
saline. The other wattle was injected with 50 meg of AAP antigen. 
Wattles were measured for thickness using a Schnelltaster previous 
to injection, then at specified periods thereafter. 
Fifty-two days following immunization these same birds 
were wattle tested with pooled fractions of A. fumigatus AAP 
obtained by chromatographic separation. Two-tenths ml were 
injected. For each of the 5 immunized birds 1 fraction was 
injected into 1 wattle and another fraction into the other. By 
this procedure the 2 wattles on each bird were injected with a 
different fraction. 
Infected chickens 9 weeks old were skin tested in the 
wattle region by the same method used above. Five meg and 100 meg 
doses of AAP and APS were used as the test antigens. 
An attempt to detect hypersensitivity earlier (6 weeks) 
by comb testing was also investigated. Male chicks were used 
since their combs developed earlier than females. Five meg of 
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whole AAP and APS antigens in 0.2 ml of saline were injected 
into 2 different birds. Previous to injection all combs were 
measured by the method above. Saline and antigens were also 
Injected into normal birds of the same age as test birds. 
20. His topathology 
All tissues were fixed in formalin, glacial acetic 
acid and 70% alcohol solution (10:10:80; FAA), Standard 
histological methods were followed in sectioning and staining 
tissues with Periodic Acid-Schiff (PAS) and fast green or 
hemotoxylin counterstains (21). 
CHAPTER IV 
RESULTS 
Establishing the Infection 
I. Preliminary Experiments 
A. Determination of Spore Dose Required to Establish Infection 
Using A. fumigatus 
Because A. fumigatus has been recovered from the majority 
of aspergillotic infections involving young birds, it was 
necessary to begin with this organism and apply the findings 
to the other pathogenic species under study. 
Two groups of 50-day-old WLH chicks were challenged with 
A. fumigatus spores collected by method (a) as described earlier 
in materials and methods. The first group was exposed to 19,200 
spores in 0.1% Tween 80 for 15 minutes in the Middlebrook chamber. 
Following exposure the chicks were irradiated with UV light, for 
30 minutes. Group II was exposed to 37,200 spores and suspended 
as the first group for 30 minutes. 
In order to determine actual numbers of spores retained 
by the chicks following exposure, 2 from each group were killed 
by cervical dislocation. Whole lung counts were then made. 
Remaining chicks in both groups were autopsied 5 days following 
challenge, but no indications of infection as "whitish nodules" 
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or "buttons" were present. Higher spore concentrations were 
evidently necessary to produce signs of infections. 
B. Varied Concentrations of A. fumigatus Spore ; 
Exposure Time Fifteen Minutes 
The experiment was begun with 4 groups of 25-day-old 
WLH chicks which were challenged with spore concentrations 
indicated in Table I. 
TABLE I 
Group Total number of spores nebulized Control lung counts 
I 3.5x10^ 643/g 
II 3.5x10? 1,500/g 
2,300/g 
III 8.5x10? 917/g 
8,400/g 
IV 3.97x10* (no growth) 
4,400/g 
Pathological examination of 5 chicks at 5 days post 
challenge revealed "whitish nodules" on air sac membranes and 
hemorrhagic areas in the trachea of all groups. More lesions 
were found in higher exposure groups III and IV. Autopsy at 
10 days of 5 more chicks in each group showed complete absence of 
lesions on air sacs as well as an absence of necrotic areas 
along the trachea. The remaining chicks from each group were 
observed over a 3-week period, but there were no mortality and 
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all animals appeared healthy. Following the 3rd or 4th day 
after exposure however, group IV showed droopy wings, slight 
dyspnea and diarrhea. Most chicks in group IV stood with heads 
lowered and eyes shut. These signs were not observèd in other 
groups. 
Considerable variation in lung counts were observed 
between groups. This may be explained in that each chick varied 
in weight as well as rate of respiration. More active chicks 
paced back and forth in the exposure chamber while others lay on 
the bottom. The chick lungs were also found to vary in weight 
from 0.888 g to 1.395 g (wet weight) for WLH chicks. An error 
also may have arisen when performing serial dilutions of homogenized 
lung tissue. To obtain a small enough number of colonies on a 
single culture plate, as many as 5 10-fold dilutions had to be 
made. An error such as this could have accounted for the low 
value in group III. Lack of growth from 1 control lung in 
group IV was due to the Waring blender cup not being sufficiently 
cooled after autoclaving. 
II. Experiment to Determine Effect of Multiple Exposures to Conidia 
of Three Aspergillus Species 
A. Varied Concentration of Conidia; Exposure Time Thirty Minutes 
Fifteen WLH chicks in each of 3 groups were exposed repeatedly 
on 4 successive days with different spore suspensions. The conidia 
were suspended as before. Chicks were exposed 30 minutes each day 
for 3 days to the same spore concentration (Table II). However on the 
4th day spore concentrations for the A. terreus and A. fumigatus groups 
were doubled in an attempt to increase the severity of the disease. 
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TABLE II 
Pathology and histopathology results from day-old chicks exposed to three pathogenic Aspergillus 
species 
Infectious Total viable Control Pathology Histopathology 
organism spores nebulized lung counts 
A. fumigatus 
A. flavus 
A. terreus 
7.2x10 
7.2x10 
7.2x10 
14.4x10 
4.8x10: 
4.8x10 
4.8x10: 
3.2x10 
15.0x10: 
15.3x10 
15.6xlOg 
24.0x10 
82,744/g 
13.315/g 
100,550/g 
711,720/g 
Day following 
challenge 4 10 
lungs + 
air sac + 
lungs 
air sac + 
lungs 
air sac -
+ 
+ 
46 
1 
+ 
1 
+ 
10 
35 
+ 
3 
+ 
a) Presence of lesions indicated by plus or minus. 
b) Presence of hyphae or spores in lung tissue indicated by plus or minus. 
c) Slight congestion in lungs. 
d) Number of granulomas containing hyphae in whole cross sections of lung tissue. 
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The A. flavus group could not be exposed to a higher concentration 
due to low numbers of spores produced in culture flasks. A total 
of 50 birds were used, 5 as non-exposed controls. All chicks were 
housed in an infected room with each group held in separate cages. 
Since infection occurred in preliminary experiments, it 
was decided that histological examination of infected lung tissue 
might prove valuable in observing the appearance of hyphae within 
the hosts' tissue. Chicks were autopsied at 4 and 10 days. Any 
lungs or other organs which showed abnormalities were placed 
into screw cap jars containing FAA fixing solution and held for 
further study. 
As can be seen in the data, the greatest severity of 
aspergillosis was found in the A. fumigatus group. Those 2 
chicks autopsied at day 4 exhibited all signs mentioned previously. 
There was extensive involvement of the air sac lining in both 
chicks and severe consolidation of lungs with small white nodules 
completely covering the surface of the lung. Penetration of the 
fungi into the peritoneal cavity was evidented by lesions on the 
mesentery. Both birds were poorly fleshed around the breasts 
and a large amount of pericardial fluid was present. Of the other 
groups, 2 A, flavus chicks showed lesions on the air sacs with 
slight lung congestion, while the A. terreus group seemed completely 
free of gross signs of infection. The lung counts proved the 
existence of high numbers of retained conldia in all groups. 
One bird died 13 days following challenge with A. fumigatus 
conldia; another showed physical weakness, droopy wings, dyspnea 
and runted growth after several weeks. This bird, however, did recover. 
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Granulomatous lesions were very abundant in the first 
group as shown in tissue sections of lung stained with PAS stain. 
At 10 days giant cell formation had occurred with nucleated cells 
completely surrounding the growing hyphae. In contrast to the 
fact that no gross signs of infection were found in the other 
groups, healing granulomas were observed although few in number. 
To establish a measure of the degree of infection between 
the 3 species, those lung sections which contained fungal elements 
were compared by counting the number of granulomas which contained 
hyphae. Whole cross sections through the center of chick lungs 
were of such a size that they could easily be placed onto slides 
and stained. 
Two chicks were sacrificed following the exposure for each 
group as indicated in Table II. The A. fumigatus group, after 
50% of all exposures had occurred, showed approximately 82,000 
spores/g of wet lung tissue. This figure represented an average 
value for 2 chicks. Figures in the 2 following groups were 
represented as 13,315/g vs 75%, 100,550/g vs 25% and 711,720/g vs 
100% of all exposures for respective fungi. 
III. Multiple Exposure with Aspergillus Conidia; Concentration of 
Conidia Constant 
A variation in concentration between the 3 exposure groups 
in the last experiment together with other findings necessitated 
a change in exposure doses and handling of conidia between days 
of exposure. 
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Similar spore doses for each exposure group would allow 
more valid interpretation of the data and a much greater chance 
to compare the infectivity of the fungi for day-old chicks. 
Methods also were changed in the experiments to follow. The 
concentration of T80S used to suspend conidia was found to have 
a slight fungicidal action. It was therefore decided to suspend 
the spores in 0.1% T80S only for nebulization, keeping the stock 
spore suspension in physiological saline. Method (b) in materials 
and methods was therefore used through the following experiments. 
Control lung counts were performed as soon as possible 
after exposure and the freezing of lung tissue was avoided. 
Sixty day-old DeK chicks were divided into 3 groups of 
22, 20, and 18. All groups were challenged with Aspergillus 
conidia for 30 minutes according to Table III. Three chicks were 
autopsied from each group on the days indicated, the remainder of 
the chicks were used in experiments for weight gain and comb skin 
testing. Cultures were made of suspected lesions from these 
autopsied chicks and either the right or left lung from each was 
sectioned for histopathology. 
Two control chicks from each group were removed from the 
exposure chamber after irradiation and sacrificed. Lungs were 
removed aseptically, weighed, blended with saline, serially diluted 
and inoculated onto 3 SDA plates for colony counts. Numbers of 
conidia contained in lung tissue of both chicks were averaged and 
expressed as the number of conidia/g wet weight. 
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TABLE III 
Pathology, histology and culture findings from day-old chicks 
Number birds 
per group 
Infectious 
organism 
Control lung 
counts 
Pathology Culture Histopathology 
Days chicks were sacrificed 
3 6 10 3 6 10 3 6 10 
lungs _a - - nc nc nc 4 11 2 
22 A. fumigatus ̂ 33,140/g u 
air sac + + + + + 
lungs - - - nc + nc 2 0 1 
20 A. flavus^ 3,300/g 
air sac + - - + nc 
lungs + + + 0 1 0 
18 A. terreus® 63,100/g 
air sac nc nc nc 
no - Not cultured 
a) Presence or absence of lesions indicated by plus or minus. 
b) Presence or absence of growth on SDA plates, 5 days at 37° C indicated by plus or minus. 
c) Total viable spores nebulized (7.0x10°) each 4 successive days. 
d) Total viable spores nebulized (6,0x10®) each 4 successive days. 
e) Total viable spores nebulized (8.0x10®) each 4 successive days. 
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The value of the control lung count for A. flavus was 
unusually low compared to the other groups, although the spore 
dose was similar. Conidia of this species are larger in size 
and often oval in shape compared to the similar spherical shapes 
of A. fumieatus and A. terreus. The infection occurs when conidia 
pass through the tertiary bronchioli and adhere to the walls or 
lodge in aveolar spaces. Larger conidia of A. flavus may have 
been physically hindered from entering these very small passages 
and thus tend to remain in the upper respiratory tree. Several 
other factors also could have explained the variation. Firstly, 
the conidia may have been less resistant to humoral factors 
present in lung tissue than other species of conidia. Secondly, 
the small number of birds used as controls may have induced a 
rather high error. It is interesting though that the results 
from lung counts were rather consistant from experiment to 
experiment depending upon spore concentration and time of 
exposure, regardless of the fact only a few chicks were used as 
controls. 
Histopathological results showed the greatest degree of 
difference between the 3 species of Aspergillus.1, Numbers of 
granulomas increased to the 6th day and declined thereafter. 
Both of the remaining groups showed sporadic signs of infection 
during the 3rd to 10th day after challenge. 
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IV. Fungal Viability in Host Tissue Over a Twenty-Five Day Period 
Although a very high concentration of A. terreus and 
A. flavus spores failed to produce any real signs of infection 
in day-old DeK chicks it was thought a study could be made of 
these conidia and their viability in host tissue. Since a spore 
g 
dose of ca 7.0x10 for all organisms produced infection after 
4 exposures, an attempt was made to administer the same total 
numbers of spores over 3 successive days by doubling the exposure 
on the last day. Sufficient numbers of conidia however were not 
available for the A. flavus group. All methods were similar to 
those used in previous experiments. The exposure time of 30 
minutes remained constant for each group (Table IV). 
The results of the pathological findings for all 3 
organisms indicates a regression of aspergillotic lesions on the 
air sac between 12 and 14 days. A negative finding at 10 days post 
challenge for A. fumigatus could have been due to high individual 
bird resistance in the 2 chicks that were autopsied. 
Lungs of all 3 groups of chicks remained clear of abnormalities 
throughout the 25 days. However on posting the remaining 6 chicks 
at 25 days, 1 of 6 in the A. terreus group and 2 of 6 in the 
A. flavus group exhibited whitish soft lesions distributed over 
the surface of and between the lobes of the liver. The A, fumigatus 
group was free of all liver lesions but 3 of 6 chicks had air sac 
lesions. All suspected aspergillotic lesions found on the liver 
and air sac were confirmed by culture. 
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TABLE IV 
Results of pathology and culture findings for twenty-five day period 
Infectious 
organism 
Day posted following 
challenge 1 4 6 8 10 12 14 16 18 20 25 
A. fumigatus^ Pathology 
a 
+ + 444- - 444- + ne - 4-
Culture nc + + - 4- - nc - 4-
A. flavus^ Pathology - + + + + -h - ne -t -
Culture nc + + + + - - nc - -
A. terreus® Pathology - - - + + - - ne - - -
Culture nc - nc + + - + nc - -
ne - Not examined. 
nc - Not cultured. 
a) Presence of aspergillotic lesions on air sac membranes indicated by plus or minus, many indicated by +++ 
b) Growth indicated by plus or minus. 
c) Thirty chicks exposed to 9.8x10 spores 2 successive days, 14.4x10® spore 3rd day 
d) Thirty chicks exposed to 6.7x10® spores 2 successive days, 3.5x10® spores on 3rd day. 
e) Thirty chicks exposed to 6.7x10 spores 2 successive days, 9.6x10® spores on 3rd day. 
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Culture findings generally followed the pathology 
observations except in the case of lung tissue. Where cultures 
of lung tissue from A. fumi&atus and A. flavus groups remained 
positive only to 10 days, the A, terreus group was positive on 
days 6, 12, 18, and 20. Negative findings were found from lungs 
cultured the remaining days. Evidently the spores must have remained 
viable within the lung tissue but in a dormant state, unable to 
germinate until removed to culture media, 
V. Effects of Exposure to Heat-Killed Conidia and E. coli Adjuvant 
Upon Asper&illotic Infection 
Neville Stanley had previously shown that an extracted lipid 
fraction from a pathogenic strain of A. fumigatus had properties 
of producing tubercle formation and monocytosis in experimental 
animals (43). Since the spore of A. fumigatus is higher in lipid 
content than the mycelium, the possible effect of killed conidia 
on tubercle formation was investigated. Sensitization to the 
killed Aspergillus spore also may occur if exposure was repeated 
several days. By challenging DeK chicks to 3 successive doses 
of killed conidia followed by exposure to viable conidia, it was 
hoped a delayed manifestation would result indicating sensitization 
and perhaps protection. One group of chicks was exposed only 
once as a control for the killed spore group. 
An adjuvant such as killed E. coli incorporated with viable 
A. fumigatus spores was suggested as a possible method of increasing 
pathogenicity. Adjuvants and nonviable conidia were prepared as 
in materials and methods. A constant spore concentration of 
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TABLE V 
Pathology, histology and culture findings from day-old chicks exposed to nonviable A. fumlgatus 
conidia and E. coli adjuvant 
Group 
number 
Infectious 
organism 
Pathology Culture His topathology 
Days chicks were sacrificed 
A. fumigatus lungs 
air sac 
3 6 10 
d 
3 6 10 
- + 
3 6 10 
0 0 0 
II A. fumigatus lungs -
air sac + + + + + 
53 20 12 
III A. fumigatus lungs 3 3 
air sac 
a) Three successive exposures to killed spores then one exposure to viable spores, 
b) Four successive exposures to viable spores plus heat killed coli. 
c) One exposure to viable spores. 
d) Presence of lesions indicated by plus or minus. 
35. 
g 
4.4x10 viable spores was used for the 4 successive exposures 
of 30 minutes in groups I and II. Twenty-two birds in group I 
were exposed 3 times to killed spores then to viable spores on 
the 4th exposure. Ten birds in group II were exposed 4 times 
to viable spores plus E. coli. The 12 chicks of group III were 
exposed to viable spores along with group I but were then housed 
separately. 
Control lung counts were not attempted in the 3 groups 
studied, but 3 chicks were sacrificed upon arrival of chicks 
from the hatchery and their lungs plated to rule out possible 
pre-exposure. Control lung counts of these were negative. A 
sterility check was made on the heat-killed spores and E. coli 
previous to exposure. 
E. coli nebulized with Aspergillus spores produced increased 
numbers of infections. In Experiment III a concentration of 
7.0x10® spores produced 11 lesions or granulomas at 6 days. With 
the presence of killed E. coli the numbers of granulomas doubled 
at 6 days. Along with an increase in numbers a greater severity 
of the infection was prevalent since granulomas developed earlier. 
Where only an average of 4 lesions were observed at 3 days in the 
previous experiment, 53 lesions were found in group II. Resolution 
of the anastomosing hyphae was also markedly reduced when many 
granulomas developed. The hyphae apparently persisted longer 
when this occurred in the adjuvant group. 
Chicks exposed 3 successive days to killed conidia then 
once to viable conidia exhibited pathology and cultural findings 
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very similar to the single exposure group. Histological 
sections made of both groups I and III indicated a few conidia 
were able to germinate only in the lungs of group III. The 
difference however, is so small that it is probably not 
significant. Microscopic photographs are shown in Plate I of 
group II and group III. 
VI. Minimum Infective Dose (MID) 
The minimum infective dose for A. fumigatus (S.P.) has 
not been established using inhalation methods. The MID for day-
old DeK chicks in this experiment has been defined as the minimum 
total number of spores nebulized over a given time under constant 
conditions of exposure in a Middlebrook chamber, which will produce 
gross pathological signs of aspergillotic infection on air sac 
membranes or lungs. Autopsy has been performed at 5 days post 
challenge since the severity of the disease seems to reach its 
peak at that time. 
One-hundred DeK chicks were divided into 3 groups of 14 
chicks (Table VI). The remainder were held for later immunization 
experiments. A single maximum challenge dose of 7.8x10® spores was 
used to expose 14 chicks in the 1st group for 30 minutes. Four chicks 
were removed for control lung counts. The remaining 2 groups were 
handled similarily but challenged with 7.8x10^ and 7.8x10^ spores 
respectively. Slight differences in amount nebulized for each 
separate run accounts for differences in total spores nebulized. 
The group which received the maximum dose of spores showed 
typical lesions on the air sac lining. Of these 8 positive birds. 
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TABLE VI 
Establishment of a minimum infective dose using single exposure to three different concentrations 
of A. fumigatus conidia 
Group Control lung 
no. counts 
Autopsy results 
No, of birds with 
air sac lesions 
Culture results 
No. of air sac 
lesions cultured 
Number of lungs 
cultured 
II 
III 
13,130/g' 
1,183/g 
negative 
8/10' 
4/10 
6/10 
3/7 
3/4 
0/0 
2/2® 
7/9 
2/10 
a) Group I received 3.12x10^ spores over 30 minutes, 
b) Group II received 3.35x10^ spores over 30 minutes. 
c) Group III received 3.16x10^ spores over 30 minutes. 
d) Total number of spores retained per g wet weight lung tissue, 
e) Number of chicks with air sac lesions, total of 10. 
f) The number of '^buttons'* which produced colonies on S DA. 
g) Random samples of lung tissue which produce colonies on SDA. 
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however only 3 lesions actually produced colonies on SDA by 
4 days» This indicated perhaps that any germinating conidia 
within the 'buttons" were already killed by the hosts' humoral 
or cellular defense mechanism. One particularly frustrating 
part of this experiment was the small size of the lesions and 
their possible confusion with similar sized fat globules. 
Lesions could be distinguished since they adhered rather firmly 
to the membrane whereas fat globules could be easily removed. 
From the data available (Table VI) the MID for this 
pathogenic species of fungi was ca 3.16x10^ spores/4,1 ml/30 
minutes for day-old DeK chicks, which by decimal extrapolation 
to lung count would produce ca 100 conidia/g of fresh lung tissue. 
Following the Course of the Infection 
I. Skin Testing of Immunized Rabbits 
A. Testing with Whole Cell Antigen 
The 4 rabbits immunized with whole cell suspensions in FCA 
were skin tested id in the back region with 0.5 ml of whole cell 
antigen. Approximately 50 meg of N was present in this test 
dose. Each rabbit was skin tested with homologous antigen; 
a control nonimmunized rabbit was injected with all 4 antigens. 
Only the diameter of the reaction was recorded in the early tests. 
All Aspergillus whole cell suspensions contained material 
producing lesions in the skin of normal rabbits (Table VII). The 
greatest reaction however, seems to have occurred in the A. flavus 
immune rabbit. All lesions became bright red 24 hours after 
injection, with ulceration beginning in A. flavus and A. terreus 
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TABLE VII. 
Skin testing.of rabbits with whole cell antigen intraderraally 
two months post initial immunization 
Cutaneous reactions (mm) 
Time of reading (hr) 6 24 36 48 96 
a 
A. fumigatus 20x20 25x35 27x40 25x35 8x13 
control rabbit 8x10 28x30 nt nt 10x10 
A. flavus 20x20 40x40 40x45 30x35 10x10 
control rabbit 10x10 25x35 nt nt 12x12 
A. terreus 15x15 35x40 38x48 38x48 40x45 
control rabbit 8x10 24x28 nt nt 8x10 
A. repens 20x20 30x35 35x40 35x40 35x40 
control rabbit 5x5 20x20 nt nt 8x8 
a) Whole cells injected into rabbits immunized against 
particulate antigen 
nt Not tested 
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rabbits after 48 hours. The control rabbit showed pale redness at 
all injection sites 24 hours following the challenge dose. 
B. AAP Whole Antigen 
After all the peptide fractions had been obtained by the 
method of Okado, dilutions of whole antigen were made in saline 
and injected id into the back region of the 2 surviving A. flavus 
and A. terreus immunized rabbits. (The area was swabbed with 
70% alcohol before injection) Thickness of the injection site 
was measured by first measuring the skin thickness on either side 
of the lesion, averaging the values, then subtracting this from 
the value obtained from the lesion. An increase in thickness due 
only to the injected antigen was thus obtained. Values were 
obtained from a chart currently used by Stella Duncan Institute. 
The formula for calculation of skin volume was WxLxl/2Hx3/4 where 
W - width of lesion, L - length, 1/2H - 1/2 the skin thickness, 
and 3/4 equals a numerical factor. Physiological saline was used 
as a control. 
Any value of less than 15 mm^ (arbitrary) for the volume of 
the injected site was not considered significant. Flush reactions 
were not considered valid in calculating values. 
Both AAP fractions of A. flavus and A. terreus appeared to 
have greatest reaction in the 20-100 meg dose. Reactions were 
greatest at 12 to 24 hours which were typical of a delayed type 
hypersensitivity. Nitrogen composition for A. fumigatus. A. flavus 
and A. terreus AAP were 8.0, 8.8 and 8.9% by the protein method of 
Lowary (23). 
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TABLE VIIX 
Skin testing of A. flavus rabbit with AAP wholâ antigen 
intradermally seven months post initial immunization 
Dose in Time of Diameter Thickness Volume 
0.1 ml reading (mm) (mm) (mm^) 
(hr) 
100 meg 4 7x7 0.75 12.9 
12 10x15 1.40 78.8 
24 10x15 0.90 50.6 
48 12x15 0.80 54.0 
30 meg 4 neg 0.35 
12 10x10 0.50 18.8 
24 10x10 0.25 7.5 
48 8x10 0.20 6.0 
10 meg 4 neg 0.30 
12 10x10 0.35 11.3 
24 15x15 0.25 16.9 
48 7x9 0.00 
2.5 meg 4 neg 0.15 
12 5x8 0.40 6.0 
24 10x10 0.00 
48 5x8 0.00 
Saline 
(eontrol) 4 neg 0.25 
12 neg 0.25 
24 neg 0.25 
48 neg 0.05 
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TABLE IX 
Skin testing of A. terreus rabbit with AAP antigen 
intradermally seven months post initial immunization 
Dose in^ Time of Diameter Thickness Volume 
0.1 ml reading (mm) (mm) (mm^) 
(hr) 
100 meg 4 neg 0.45 
12 20x25 0.45 60.0+" 
24 20x20 0.55 75.0+ 
48 14x17 0.10 8.9 
20 meg 4 neg 0.35 — 
12 15x20 0.20 22.5 
24 10x15 0.25 11.3 
48 12x15 0.05 -
Saline 4 neg 0.30 
(control) 12 neg 0.50 
24 neg 0.50 
48 neg 0.35 
a) A 10 meg and 2.5 meg dose were also used. Increase 
in volume of injection site was below arbitrary 
b) Greater than highest value on chart 
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C. APS Whole Antigen 
Similar tests were performed using the polysaccharide 
fractions obtained as described in materials and methods. 
The backs of the immunized rabbits were shaved with electric 
clippers and dilutions of the APS antigen were injected id 
into sites not previously injected with AAP antigen. The 
technique employed in section B was followed in obtaining data 
for Tables X and XI. 
In both test animals the APS fraction was completely 
negative. Skin volumes were not recorded since they were not 
significant. 
D. Chromatograph Separation of AAP Fractions 
on Sephadex G-75 
Protein and nucleic acid composition of AAP was determined 
by the use of a nomograph (48). The method employed the use of 
the optical density values obtained for each pooled fraction at 
280 and 260 nm. From a sliding scale the appropriate values of 
protein and nucleic acid were noted and tabulated in Table XII. 
a) Skin Testing A. flavus Rabbit 
Pooled A. flavus fractions with varied protein concentrations 
for each challenge dose were injected id into the shaved back 
region of the rabbit. 
Concentration and standardization of the test dose was not 
attempted for a number of reasons. Firstly, the peptide was a 
dializable material, thus any methods which employed dialysis 
tubing to remove the buffer were unsatisfactory. Secondly, 
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TABLB X, 
Skin testing of A. flavus rabbit with APS whole antigen 
intradermally seven months post initial immunization 
Dose in^ Time of Diameter Thickness Volume* 
0.1 ml reading (mm) (mm) (mm ) 
(hr) 
100 meg 4 neg 0.85 
12 neg 0.45 
24 fl 0.30 
48 fl 0.35 
20 meg 4 neg 1.10 
12 neg 0.55 
24 neg 0.20 
48 neg 0.20 
10 meg 4 neg 0.00 
12 neg 0.00 
24 neg 0.00 
48 neg 0.00 
2.5 meg 4 neg 0.20 
12 neg 0.00 
24 neg 0.00 
48 neg 0.00 
Saline 
(eontrol) 4 neg 0.20 
12 neg 0.10 
24 neg 0.00 
48 neg 0.00 
a) Volumes eould not be calculated since diameters 
of injection sites were not significant 
b) No reaction found with 10 meg and 2.5 meg doses 
fl Flush reaction 
TABLE XI 
Skin testing of A. terreus pabbit with APS whole antigen 
intradermally seven months post initial immunization 
Dose in^ Time of Diameter Thickness Volume** 
0.1 ml reading (mm) (mm) (mm^) 
(hr) 
100 meg 4 neg 0.55 -
12 fl 0.55 -
24 fl 0.35 -
48 10x12 0.10 -
20 meg 4 neg 0.10 
12 fl 0.10 
24 fl 0.30 
48 5x8 0.40 
Saline 4 neg 0.20 
(control) 12 neg 0.20 
24 neg 0.20 
48 neg 0.20 
a) No reaction with 10 meg and 2.5 meg doses 
b) All values were below arbitrary limits 
fl) Flush reaction 
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TABLE XII 
Protein and nucleic acid analysis of Aspergillus pooled fractions 
A. furoigatus. A, flavus and A. terreus 
Fraction Tube 280 nm 260 nm Protein Nucleic Calculated 
number numbers mg/cc mg/cc molecular 
weight 
A. fumieatus 
1 22-23 .040 .095 .000 .005 79,980 
2 25-28 .100 .145 .045 .006 59,840 
3 29-33 .110 .145 .060 .005 44,870 
4 34-35 .140 .165 .090 .005 34,910 
5 36-37 .150 .180 .095 .006 28,120 
6 38-41 .130 .165 .075 .006 23,970 
7 42-45 .090 .115 .050 .004 17,580 
8 46-52 .040 .050 .035 .002 12,250 
9 54-60 .040 .060 .015 .002 6,840 
A. flavus 
1 22-24 .000 .010 .000 .001 79,800 
2 25-29 .020 .025 .010 .001 59,980 
3 30-33 .060 .055 .040 .002 43,150 
4 34-35 .075 .065 .065 .015 33,650 
5 36-37 .095 .090 .080 .002 32,300 
6 38-41 .095 .085 .085 .002 23,970 
7 42-45 .070 .070 .055 .002 18,920 
8 46-52 .050 .050 .035 .002 14,130 
9 53-60 .010 .050 .000 .003 8,910 
A. terreus 
2 25-28 .010 .020 .000 .001 62,090 
3 29-32 .035 .040 .025 .001 46,450 
4 33-34 .065 .065 .055 .002 36,390 
5 35-37 .070 .065 .060 .002 30,130 
6 38-42 .085 .080 .070 .002 23,440 
7 43-44 .080 .070 .070 .002 18,200 
8 45-47 .030 .030 .020 .001 15,210 
9 48-49 .010 .015 .000 .001 12,800 
10 53-60 .000 .010 .000 .001 10,000 
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TABLE XIII 
Skin testing A. flavus rabbit with AAP antigen 
fractions intradermally seven months following initial immunization 
Fraction Dose in Time of Diameter Thickness Volume 
number 0.2 ml reading (mm) (mm) (mm) 
(hr) 
1 0.2 meg 4 14x21 0.70 73.5 
12 12x13 0.10 5.9 
24 17x18 0.30 34.4 
48 fl nt -
72 nt nt -
2 2.0 meg 4 10x18 0.65 47.3 
12 14x15 0.60 47.3 
24 20x20 0.35 60.0 
48 fl nt -
72 nt nt -
3 8.0 meg 4 15x15 1.45 126.6 
12 12x15 1.05 74.3 
24 13x15 0.70 51.2 
48 8x10 0.25 9.0 
72 fl 0.20 -
4 13.0 meg 4 12x15 0.65 47.3 
12 12x17 0.70 53.6 
24 13x15 0.51 36.6 
48 10x15 0.40 22.5 
72 fl 0.10 -
5 16.0 meg 4 12x15 0.60 40.5 
12 15x17 0.60 57.4 
24 15x15 0.65 59.1 
48 15x15 0.50 42.2 
72 10x12 0.15 -
6 17.0 meg 4 10x12 0.85 40.5 
12 15x17 0.60 57.4 
24 15x18 0.95 101.3 
48 10x13 0.25 14.6 
72 fl 0.15 -
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TABLE XIII--Continued 
Skin testing A. flavus rabbit with AAP antigen 
fractions intradermally seven months following initial immunization 
Fraction 
number 
Dose in 
0.2 ml 
Time of 
reading 
(hr) 
Diameter 
(mm) 
Thickness 
(mm) 
Volume 
(mm) 
8 7.0 meg 4 15x15 0.80 67.5 
12 15x20 0.60 67.5 
24 12x12 0.25 16.2 
48 7x7 0.25 5.5 
72 fl 0.15 -
9 0.6 meg® 4 15x15 0.10 8.4 
12 15x15 0.10 8.4 
24 10x15 0.05 5.6 
48 10x12 0.00 -
72 fl 0.00 -
Control trisHCl 4 fl 0.60 
buffer 12 fl 0.55 
24 fl 0.40 
48 fl 0.10 
72 fl 0.00 
a) Concentration of nucleic acid, protein concentration essentially zero 
nt Not tested 
fl Flush reaction 
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FIG. 1. Chroroatograph gel filtration pattern (A. flavus) obtained when 
pooled fractions were analyzed for protein at 254 nm. O , 4 hour rabbit 
skin reaction; # , 24 hour reaction. 
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concentration by vacuum distillation was possible if 
sufficiently large quantities of each pooled fraction were 
available; however, fractions 1, 3, and 4 were quite small. 
Thirdly, all fractions could have been diluted to the lowest 
concentration of all the pooled fractions. There was a 
possibility of losing all skin activity if this method was 
employed. Thus, fractions were injected without change in 
concentration. Table XIII showed cutaneous reactions between 
4 and 72 hours after injection. A control injection of trisHCl 
buffer was also injected into the rabbit. 
Skin reactions to A. flavus fractions at 2 hours and 24 
hours are indicated in Figure 1. Pooled fractions 2, 3, 5, and 
6 exhibited maximum response at 24 hours which is typical of a 
delayed reaction. Reactions to fractions 3 and 8 were maximal 
at 4 hours, which were typical of immediate or Arthus reactions. 
b) Skin Testing A. terreus Rabbit 
Methods used in section (a) above, were applied in skin 
testing the A. terreus immunized rabbit. Fractions 1, 2, 4, and 
8 were not tested due to limited numbers of rabbits. 
Figure 2 shows the immediate and delayed responses for 
each fraction tested. Although, the data are imcomplete the 
best response was found with fraction 3. 
c) Skin Testing A. fumigatus-Immunized Chickens 
Five chickens were previously immunized to A. fumigatus 
whole cell suspension in FCA. Fifty-two days following the initial 
Immunization, all 5 chickens were skin tested id in the wattle with 
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TABLE XIV 
Skin testing A. terreus rabbit with AAP 
intradermally seven months following initial immunization 
Fraction* Dose in Time of Diameter Thickness Volume 
0.2 ml reading (mm) (mm) (mm) 
(hr) 
5.0 meg 
12.0 meg 
Control trisHCl 
4 7x7 1.50 27.6 
12 10x10 1.10 41.3 
24 10x10 0.90 33.8 
48 fl 0.65 — — 
72 fl 0.50 -
4 7x10 0.75 21.0 
12 7x7 0.55 11.0 
24 7x7 0.50 9.2 
48 fl 0.25 --
72 fl 0.20 -
4 neg 0.15 — «# 
12 neg 0.25 --
24 neg 0.25 
48 neg 0.10 
72 neg 0.00 -
a) Fractions 6,7, and 9 skin test results were negative 
fl Flush reaction 
52. 
SKIN 
THICKNESS 
(mild 
1.2 
OD 
2s4 
1.0 
#6 #01 xa ' 
40 45 50 
TUBE No. 
60 65 
FIG. 2. Chromatograph gel filtration pattern (A. terreus) obtained 
when pooled fractions were analyzed for protein at 254 nm. lO , 4 hour 
rabbit skin reaction; % , 24 hour reaction. 
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TABLE XV 
Wattle skin testing A. fumigatus chickens with AAP antigen 
fractions fifty-two days following initial immunization 
Bird Fraction Dose in Time of Thickness 
number 0.2 ml reading (mm) 
(hr) 
BH 1 1.0 meg 4 0.05 
12 0.15 
24 0.00 
48 0.00 
2 9.0 meg 12 0.35 
14 0.40 
24 0.10 
48 0.05 
BRW 3 12.0 meg 4 0.20 
12 0.60 
24 0.40 
48 0.25 
4 18.0 meg 4 1.40 
12 1.15 
24 0.05 
48 0.00 
BLW 5 19.0 meg 4 0.45 
12 0.25 
24 0.15 
48 0.20 
6 15.0 meg 4 0.40 
12 0.20 
24 0.15 
48 0.05 
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TABLE XV--Continued 
Wattle skin testing A. fumigatus chickens with AAP antigen 
fractions fifty-two days following initial immunization 
Bird Fraction Dose in Time of Thickness 
number 0.2 ml reading (mm) 
(hr) 
BB 7 10.0 meg 4 0.45 
12 0.55 
24 0.85 
48 0.65 
8 7.0 meg 4 0.40 
12 0.15 
24 0.20 
48 0.25 
BBa 9 3.0 meg 4 0.25 
12 0.05 
24 0.00 
48 0.00 
Control trisHCl 4 0.35 
12 0.05 
24 0.05 
48 0.05 
C Control not injected 4 0.05 
12 0.00 
24 0.00 
48 0.00 
BH) Refers to color marking - Black Head 
BRW) Black Right Wing 
BLW) Black Left Wing 
BB) Black Breast 
BBa) Black Back 
C) No markings 
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FIG. 3. Chromatograph gel filtration pattern (A. furoigatus) obtained 
when pooled fractions were analyzed for protein at 254 nm. O , 4 hour 
chicken wattle reaction; # , 24 hour reaction. 
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each pooled AAP fraction. Wattles were measured for thickness 
prior to injection so that increases in thickness could be 
calculated. The area was swabbed with 70% alcohol, then 
injected according to the schedule in Table XV. Reactions 
less than 0.35 mm thickness were arbitrarily not significant. 
Both wattles were used. One wattle was injected with fraction 
1, the 2nd wattle with fraction 2. This was repeated for the 
remaining fractions. A 6th nonimmunized chicken was used as a 
noninjected control. 
The results indicated that fraction 4 and fraction 7 gave 
the greatest amount of wattle reaction. Maximal reactions were 
present at 4 hours and 24 hours respectively. All skin reactions 
were plotted on Figure 3. 
d) Cross Reactions - A. fumigatus (Pooled Fractions) 
Pooled A. fumigatus fractions were tested for cross 
reaction to the A. flavus immunized rabbit. Methods of injection 
were those described previously. Results are presented in Table 
XVI. Only fractions which gave a volume of more than 15 mm were 
tabulated. 
e) Cross Reactions - A. terreus (Pooled Fraction) 
All A. terreus fractions were tested in the A. flavus immune 
rabbit. Results are presented in Table XVII. Only fractions 
3 
giving a volume of more than 15 mm were recorded* 
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TABLE XVI 
Cross reaction between A, fumlgatus pooled fractions and 
A, flavus Immune rabbit 
Fraction Dose In Time of Diameter Thickness Volume 
0.2 ml reading (mm) (mm) (mm) 
(hr) 
6 .15.0 meg 4 15x20 0.30 33.8 
12 fl 0.10 -
24 fl 0.00 -
48 fl 0.00 -
7 10.0 meg 4 15x15 0.30 25.3 
12 fl 0.05 -
24 17x18 0.40 45.9 
48 15x15 0.15 16.9 
8 7.0 meg 4 15x18 0.60 60.8 
12 fl 0.45 -
24 14x17 0.40 35.0 
48 10x10 0.40 15.0 
fl Flush reaction 
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TABLE XVII 
Cross reaction between A. terreus pooled fractions and A. flavus 
immune rabbit 
Fraction Dose in Time of Diameter Thickness Volume 
number 0.2 ml reading (mm) (mm) (mm) 
(hr) 
0.2 meg* 4 13x17 0.70 58.0 
12 10x12 0.70 31.5 
24 10x12 0.60 27.0 
48 fl nt 
5.0 meg 4 13x17 0.75 66.3 
12 10x12 0.40 18.0 
24 10x15 0.40 22.5 
48 6x10 0.00 
4 11.0 meg 4 12x18 0.50 40.5 
12 10x10 0.40 15.0 
24 10x20 0.50 37.5 
48 fl nt 
5 12.0 meg 4 15x17 0.50 47.8 
12 12x15 0.20 13.5 
24 10x17 0.25 19.1 
48 fl nt 
6 14.0 meg 4 14x20 0.10 10.5 
12 15x20 0.05 11.3 
24 15x23 0.25 33.8 
48 12x15 0.25 20.3 
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TABLE XVII-Continued 
Cross reaction between A. terreus pooled fractions and A, flavus 
immune rabbit 
Fraction Dose in Dose in Diameter Thickness Volume 
number 0.2 ml reading (mm) (mm) (mm) 
(hr) 
14.0 meg 4 10x10 0.30 11.3 
12 15x15 0.10 8.4 
24 12x15 0.50 33.8 
48 10x10 0.00 
4.0 meg 4 13x17 0.05 41.4 
12 15x18 0.10 50.6 
24 14x15 0.05 39.4 
48 fl nt 
Control trisHCl 4 fl 0.35 
12 fl 0.25 
24 fl 0.20 
48 fl 0.00 
a) Concentration of nucleic acid, protein concentration zero 
nt Not tested 
fl Flush reaction 
II. Skin Testing of Immunized Chickens 
A, Wattle Testing with A, fumigatus AAP Antigen 
At various days post immunization the 5 chickens were wattle 
tested with A. fumigatus AAP antigen for development of skin 
hypersensitivity. The left wattle of each immune chicken was 
injected with 100 meg of AAP antigen (0.1 ml); the right with 
50 meg of AAP antigen (0.1 ml). All wattles were tested for 
thickness before injection by use of the Schnelltaster. A 
normal control chick the same age as immune chicks was used as 
a positive control. Another normal chicken was used as a saline 
control. On day 15 and 27, 3 chickens that were selected still 
showed no sensitivity to the antigen. On the 3rd injection of 
antigen on day 47 however, a considerable reaction was obtained. 
Blood was drawn by wing veni-puncture from all birds, serum pooled 
from the immune birds and frozen for serological testing. 
Individual birds varied in their response to the test antigen. 
Table XVIII shows a response generally best at 4 hours which then 
declined after 24 hours. The BRW chicken responded markedly to the 
50 meg dose. 
Ill. Skin Testing of Infected Chickens 
A. Comb Testing with AAP and APS Whole Antigens 
Hypersensitivity to fungal spores was examined in 3 groups of 
chicks previously exposed to various Aspergillus spores. Two chickens 
from each group in Expt. Ill and 2 from group I Expt. V (Establishing 
the Infection) were used. All 8 chickens at time of comb testing 
were 6 weeks old with combs large enough to be properly measured with 
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TABLE XVIII 
Wattle skin testing with AAP whole A. fumigatus antigen 
forty-seven days following immunization 
Bird Wattle Time of Thickness 
dose reading (mm) 
(hr) 
BH® Left 4 1.05 
100 meg 12 1.00 
24 0.80 
48 0.35 
Right 4 0.75 
50 meg 12 0.60 
24 0.35 
48 0.30 
BRW Left 4 1.35 
100 meg 12 1.15 
24 0.90 
48 0.45 
Right 4 1.05 
50 meg 12 0.75 
24 0.30 
48 0.25 
BLW Left 4 1.00 
100 meg 12 0.65 
24 0.65 
48 0.25 
Right 4 0.70 
50 meg 12 0.60 
24 0.25 
48 0.10 
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TABLE XVIIIi-Contlnued 
Wattle skin testing with AAP whole A. fumigatus antigen 
forty-seven days following immunization 
Bird Wattle Time of Thickness 
dose reading (mm) 
(hr) 
BB Right 4 0.75 
50 meg 12 0.35 
24 0.30 
48 0.20 
Control Left 4 0.70 
nonimmunized 100 meg 12 0.60 
bird 24 0.40 
48 0.30 
Control Left 4 0.15 
C saline 12 0.05 
24 0.00 
48 0.00 
a) Refer to Table XV for eolor markings 
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the Schnelltaster, Only male chickens were used, since the comb 
was well developed. Each comb was measured for thickness previous 
to injection and the homologous AAP or APS antigen (5.0 mcg/0.2 ml) 
used in each series of tests. A noninfected control chicken the 
same age as other chickens was injected with saline. 
The 2 chickens infected with A. fumigatus spores and tested 
with either AAP or APS antigen showed no increase in comb thickness 
over the saline control. Essentially, the results were similar 
for A. flavus and A. terreus infected chickens. The group of 
chickens which had been exposed to nonviable spores, then to 
viable spores, exhibited an increase in comb thickness when injected 
with AAP antigen. At 120 hours the reaction was 0.95 ram compared 
to 0.75 mm for the saline control. This difference is difficult to 
explain and may not be significant. Generally the test dose seemed 
to be too low, or the chickens were not sensitized against either 
fraction by infection. 
B. Wattle Testing with AAP and APS Antigens 
Since the comb testing showed little response to the 
concentration of 5.0 meg AAP and APS, the test was repeated, but 
antigen concentrations were increased to 100 meg. Wattles were 
injected since more consistant readings were possible. Two female 
chickens 9 weeks old from the same groups as above were tested with 
AAP and APS antigens. Only the right wattle was injected, the other 
wattle represented a noninjected control. Results are presented in 
Table XIX. Wattle reactions were plotted against time (hr) and 
presented in Figure 4 for each group tested. Plate II shows wattle 
reactions corresponding to data in Table XIX. 
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TABLE XIX 
Wattle skin testing with AAP and APS whole A. fumigatus 
antigen nine-week-old challenged chickens 
Group Antigen Time of Thickness 
reading (mm) 
(hr) 
A. finnigatus AAP^ 12 0.45 
24 1.90 
48 0.90 
72 0.35 
120 0.00 
APS^ 12 0.00 
24 0.00 
48 0.00 
72 0.00 
120 0.00 
A. flavus AAP 12 0.20 
24 1.85 
48 1.25 
72 0.80 
120 0.25 
APS 12 0.00 
24 0.05 
48 0.05 
72 0.05 
120 0.00 
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TABLE XIX—CQntinued 
Wattle skin testing with AAP and APS whole A. fumigatus 
antigen nine-week-old challenged chickens 
Group Antigen Time of Thickness 
reading (mm) 
(hr) 
A. terreus AAP 12 0.05 
24 1.95 
48 0.50 
72 0.20 
120 0.10 
APS 12 0.30 
24 0.10 
48 0.30 
72 0.10 
120 0.20 
A. fumigatus^ AAP 12 0.40 
24 1.20 
48 1.10 
72 0.50 
120 0.50 
APS 12 0.30 
24 0.15 
48 0.50 
72 0.50 
120 0.50 
Saline 12 0.00 
24 0.05 
48 0.10 
72 0.05 
120 0.10 
a) Dose of AAP - 100 mcg/0.1 ml 
b) Dose of APS - 100 mcg/0.1 ml 
c) This group exposed to nonviable & viable spores 
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FIG. 4. Wattle reactions obtained from Aspergillus infected chickens 
9 weeks old injected with (•) protein AAP or (O) polysaccharide APS at 
a concentration of 100 meg. (A) A. fumigatus challenged; viable conidia, 
(B) A. flavus challenged, (C) A. terreus challenged, (D) A. fumigatus 
challenged; nonviable and viable conidia. ® , Saline control. 
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IV. Serology of Immunized Rabbits 
A. Precipitation Tests "• "Capillary and Ring'* 
a) Whole APP Antigens 
Fifty-five and 85 days following initial immunization with 
A. fumi&atus. A. flavus > and A. terreus in FCA, rabbit sera were 
tested by capillary precipitation. 
All sera were inactivated at 56^ C for 30 minutes to 
destroy complement then serial two-fold dilutions were made in 
0.85% saline for each. AAP antigens (1 mg/ml) were used without 
dilution. A control rabbit was also bled from the ear vein, serum 
collected; inactivated, and tested with the 3 AAP antigens. The 
capillary tubes were incubated at 37° C for 1 hour, observed for 
presence or absence of precipitation, then left at 4° C overnight 
and reread the following day. Results are shown in Table XX. 
Each rabbit serum was also tested by the ring test with AAP 
antigens. All tubes were placed into clay blocks and incubated at 
room temperature for 1 hour. After incubation the tubes were placed 
in a refrigerator overnight and read the following day. If a disc 
of white precipitation formed at the interface between antigen and 
antiserum, it was interpreted as a positive test. 
b) Whole APS Antigen 
The capillary precipitation test with polysaccharide antigen 
(1 mg/ml) was used for the 3 rabbit sera tested above. Results were 
shown on Table XX. 
c) AAP Chromatography Fractions 
A. flavus and A. terreus antisera were tested by the ring test 
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TABLE XX 
Serological testing of immunized Aspergillus rabbits 
Rabbits AAP APS 
immunized 
with Capillary Ring test® Capillary 
test^ test 
Tested 
on day 55 86 55 86 86 
A. fumigatus 1:16 1:16 nt 1:64 1:4 
A. flavus 1:32 1:256 nt 1:256 1:16 
A. terreus neg 1:4 nt 1:8 1:4 
a) Test read at 24 hr. 
nt) Not tested 
TABLE XXI 
Immunological reactivities of various Aspergillus species 
with AAP chromatography fractions 
Rabbits 
immunized 
Fraction 
no. 123456789 10 Control 
A. flavus - + 
A. terreus 
a) Test read at 24 hr. 
against each of the 9 pooled antigen fractions. Twelve hours 
later all tubes were read for precipitation at the interface. 
Pooled fractions 2 and 9 from A. flavus, and fraction 10 from 
A. terreus were found to produce the greatest precipitation. 
The remaining tubes were negative. A. fumigatus rabbit antisera 
could not be tested due to a limited quantity. A control tube 
of trisHCl buffer and normal rabbit serum was used for each series 
of tests. No precipitation was found in the control tubes, 
d) Cross Reactions with AAP Chromatography Fractions 
A, fumigatus fractions could not be tested with A. fumiaatus 
antisera, but cross reactions with the other 2 rabbit sera were 
possible. In the A. terreus test the control tubes showed very 
slight precipitation at the bottom of the tube with some suspended 
flocculation. Tubes 2 through 8 were similar to or contained less 
precipitation than the control. Tube 9 contained 3 bands in the 
upper one-half of the antigen layer. The 1st was of medium density 
1 mm deep and 1 mm below the surface. The 2nd was the heaviest 
density 1 mm deep and 4 mm below surface. The last layer of 
lightest density was 0.7 mm deep and 6 mm below the surface. 
The A, flavus group results were the same as those above exce 
for slight amounts of suspended precipitate in the control tube, 
B, Agar Gel Diffusion - Oakley-Fulthorpe 
Standard technique was used to test the 3 rabbit sera. Whole 
antisera and AAP antigens were used throughout. 
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Two distinct precipitation bands were formed in the 1% 
agarose diffusion layer of A. terreus after approximately 2 
weeks incubation at room temperature. The bands were 3 mm 
apart, the uppermost band being 3 mm below the upper antigen. 
Both A. fumigatus and A. flavus tests were negative. A heavy 
white flocculose layer formed at the upper interface of aqueous 
antigen layered over the 1% agarose layer. The precipitate 
was not as prevalent in A. terreus. The antigen appeared to be 
hindered in diffusing through the agarose. 
Dilutions of both antigen and antisera were attempted for 
A, flavus and A. fumiaatus but neither test showed band formation 
in the diffusion tubes. 
C. Hema%Klutination (HA) 
Micro-hemagglutination was attempted with A. fumigatus 
immunized rabbit sera and tanned sheep red blood cells (SRBC). 
Sixty meg of A. fumigatus AAP antigen was used to sensitize tanned 
SRBC. Untanned SRBC (unsensitized) were used as a control. 
Rabbit serum was absorbed with normal SRBC and kaolin previous to 
the test to remove nonspecific agglutinins. 
The HA test was unreadable due to nonspecific agglutination 
and clumping in the tanned system. The AAP antigen also caused 
considerable lysis of the blood cells in both test and controls. 
Various concentrations of antigen were used as well as fresh SRBC 
and tannic acid in repeat tests but these failed to remedy the 
clumping of cells. 
Large enough quantities of the polysaccharide were unfortunately 
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not available to test its possible usefulness in HA. 
V# Serolopv of Irtimunized Chickens 
A. Precipitation Tests 
a) A. fumigatus AAP Antigen and Pooled AAP Fractions 
Blood was drawn by veni-puncture and pooled following 
skin testing. Both AAP antigen and pooled AAP fractions were 
used in the ring test. Results shown in Table XXII indicate 
slightly higher titers were reached in immunized chickens than 
in rabbits. 
b) Cross Reactions of Immune A. fumigatus Sera with Pooled 
AAP Fractions from Other Species 
Results were shown in Table XXII. The A. flavus fractions 
after 12 hours showed considerable precipitation in tubes 2 and 
9. Three distinct bands formed in all the tubes indicated. A 
medium density layer formed almost at the antigen meniscus. Below 
this was the heaviest density layer, then finally above the antigen 
and antibody interface, the lightest density layer was found. The 
remaining tubes 3 to 6 contained slight precipitation, much less 
dense than tubes 2 or 9. 
The A. terreus series of tubes 4 to 7 had' slight precipitation 
particles clinging to the inside in the antigen layer. Tube 10 had 
the greatest amount of precipitation, but this layer was closer to 
the interface than in the above series. 
Control tubes for both series of tests contained a small 
quantity of finely precipitated particles. 
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TABLE XXII 
Serological testing of immunized A. fumigatus chickens 
Chicken immunized 
with 
A. fumigatus 
A. fumigatus AAP whole Ag 
Ring test® 
1:128 
A. fumigatus 
A. fumigatus AAP pooled 
fractions 
Ring test 
Fraction 
number 1 2 3 4 5 
b 
6 7 8 9 
Cross reactions of pooled 
AAP fractions 
d 
Ring test 
A. flavus Ag 
A. fumigatus 
Fraction 
number 12 3 4 5 6 7 8 
— 
nt - - - - - - ^ 
A. fumigatus 
A. terreus Ag 
Fraction 
number 2 3 4 5 6 7 8 9 10 
• • • «• 
a) Results expressed as antibody titer 
b) Read at 24 hours 
c) Definite precipitation at interface 
d) A. flavus AAP and A. terreus AAP pooled 
e) Slight precipitation indicated by t 
nt Not tested 
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VI• Serology of Infected Chickens 
a) Precipitation Test on WLH Chickens from Fungal 
Viability Experiment 
Blood was collected by cardiac puncture from the previously 
autopsied chickens in all 3 exposure groups over a 30-day-period 
(Expt. IV - Establishing the Infection). Sera from 2 similar 
birds were pooled, inactivated, and held frozen ready for 
serology. 
Results are tabulated in Table XXIII for the capillary 
precipitation test with AAP. Those tubes showing a great amount 
of precipitation were indicated by '^strong**. 
b) Precipitation Test on DeK Chickens from Multiple 
Exposure Experiment 
Following wattle testing on hens with AAF and APS antigens 
(Skin Testing of Infected Chickens) blood was drawn by cardiac 
puncture from all test birds, the serum inactivated, then frozen 
and held. Chickens were all 9 weeks old when serologies were 
performed. Results are shown in Table XXIV. 
VII. Whole Cell Homogenates and FA-Globulin Antiglobulin 
A. Immune Aspergillus Rabbit Sera 
Prepared smears of mycelial suspensions homologous to the 
antibody being tested in rabbits were treated the following way. 
One smear (test) was treated with the unknown serum, the 2nd 
(negative control) was treated with the known normal serum from 
rabbits. Degree of fluorescence was recorded as 1 to 4 plus 
in Table XXV. 
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TABLE XXIII 
Serological testing of infected chickens 
Day blood^ AAP whole Ag 
collected A. fumigatus 
following 
challenge 
AAP whole Ag AAP whole Ag 
A. flavus A. terreus 
4 - - -
6 - - -
8 - - -
10 + (strong) + (strong) -
12 + + -
14 + (strong) + (strong) -
16 nt nt nt 
18 + + (strong) -
20 + + — 
25 + ±b — 
30 + -
Control - - -
a) WLH chicken sera Expt. IV, pooled sera from A. 
fumigatus exposed chicks was tested with A. fumigatus 
AAP antigen, similarily for other groups 
b) Weakly positive 
nt) Not tested 
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TABLE XXIV 
Serological testing of infected chickens 
Groupé Hen Capillary Precipitation Test 
(AAP whole A. fumigatus Ag) 
A. fumigatus AAP injected + 
APS injected 
(AAP whole A. flavus Ag) 
A. flavus AAP injected + 
APS injected 
(AAP whole A. terreus Ag) 
A. terreus AAP injected -
APS injected -
(AAP whole A. fumigatus Ag) 
A. fumigatus^ AAP injected + 
APS injected + 
a) DeK chicken sera, Expt. Ill 
b) Challenged with nonviable and viable spores, Expt. V 
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TABLE XXV 
Fluorescent antibody results in rabbit sera 
Organism to which Results 
animal immunized (homologous Ag) 
A. fumigatus Test 44-
Control - slight 
fluorescence 
A. flavus Test -H-
Control - slight 
fluorescence 
A. terreus Test + 
Control - very slight 
fluorescence 
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B. Cross Reaction of A. flavus Antisera with A. fumigatus, 
A. terreug. and Â» reeens 
Degree of cross reaction between the highest antibody 
titered rabbit sera (A. flavus) and other Aspergillus species 
were tested. Results were shown in Table XXVI. 
VIII. Whole Mycelial and Conidial Homogenates and FA Chicken 
Globulin Antiglobulin 
Chicken sera that had been used in serological testing of 
infected chickens (Serology of Infected Chickens) was tested by 
FA techniques. Only A. fumigatus infected chicken sera were 
tested. Immune chicken serum was used as the positive control; 
normal serum as the negative control. The results in Table 
XXVII showed that degree of fluorescence was the only criterion 
one could have used in interpretation of the results. The 
negative control fluoresced slightly. All other tests were 
compared to this. Fluorescence was the brightest in the slide 
which contained chicken serum recovered 12 days following 
challenge with spores. 
IX. Effects of Infection Upon Weight Gain 
Five randomly selected DeK chicks from infected groups 
(Expt. Ill, Establishing the Infection) were checked for weight 
gain over a 25-day-period. Birds were weighed on a triple beam 
balance the same time every day and their weights averaged. A 
control group of unexposed chickens was also weighed. Results of 
the experiment are shown on Table XXVIII and Figure 5. Standard 
deviation, standard error of the mean, distribution and probability 
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TABLE XXVI 
Fluorescent antibody cross reactions with A. flavus antisera 
Antigen used Results 
A. fumigatus Test + 
Control - slight 
fluorescence 
A. terreus Test 
Control - slight 
fluorescence 
A. repens Test -H- - much" 
fluorescence 
Control - slight 
fluorescence 
a) Only slightly more fluorescence than control 
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TABLE XXVII 
Fluorescent antibody testing of infected chickens 
Day autopsied Results^ 
4 +-H-
6 444-
8 ++ 
10 44-
12 4444-
14 -KH-
18 444-
20 44-
25 4-4-
Control positive 4-4-4-
Negative 4-
a) Degree of fluorescence indicated; 
4-) Slight fluorescence 
4-4-) Moderate fluorescence 
4-44-) Much fluorescence 
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TABLE XXVIII 
The effects of Aspergillus infection upon weight gain 
Days on which Controls A. fumigatus A. flavus A. terreus 
chicks were challenged challenged challenged 
weighed 
0 41.8 g 41.8 g 41.8 g 41.8 g 
3 71.5 g 57.5 g 59.4 g 59.4 g 
7 86.7 g 85.5 g 89.3 g 89.3 g 
10 122.1 g 92.1 g 110.7 g 107.5 g 
14 163.6 g 123.7 g 147.9 g 146.2 g 
19 237.1 g 150.5 g 196.6 g 206.0 g 
24 319.8 g 168.4 g 272.7 g 272.4 g 
S ±28.4 ±14.3 ±39.6 ±11.5 
SEM 14.2 7.2 19.8 5.7 
t 9.4 2.0 3.1 
P .001 
r—1 O
 1 
es O
 .1-.05 
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FIG. 5. Effects of Aspergillus infection upon weight gain. O , 
Average weight gain for group of five chickens not infected; O , 
group infected with A. flavus; • , group infected with A. terreus; 
O, group infected with A. fumigatus. 
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values were calculated for each group at day 25. There was a 
significant difference between the means of these groups as 
shown by the probability value. The A. terreus group exceeded 
the limits of 0.02. This probability value was used as a 
biological standard. 
CHAPTER V 
DISCUSSION 
Clinical experimental infection with the 3 Aspergillus 
species was manifested pathologically by focal pneumonia, multiple 
areas of necrosis and small abscesses in the center of lesions. 
Histologically the areas of necrosis were surrounded by polymorpho­
nuclear leucocytes, giant cells and large monocytes. Grossly the 
nodular formations resembled tubercles. Usually, but not always, 
these lesions harbored small radiating turfs of hyphae. This 
histological picture resembled that described by Nieberle (29) of 
lesions of naturally infected poultry. Recently Sawasaki e^ al.(38) 
has observed that intrapulmonary injection of 20 mg (dry weight) of A. 
fumigatus spores into rabbits produced small lesions with central 
cavitation in lungs. The histological development of Aspergillus 
lesions proceeds similarily in mammalian and avian hosts infected 
experimentally or naturally in spite of the gross differences in 
mammalian and avian lung tissue (18). 
Prior to 24 hours following the last inhalation of conidia there 
are no obvious signs of abnormal pathology in exposed chicks (see Expt. 
IV). Between the 2nd to 3rd day however, lesions can be observed within 
the air sacs. The lesions gradually increase in numbers and size until 
day 12 whereupon rapid elimination of the cellular reaction occurs. 
Whether host resistance at this time is due to a cellular mechanism and/or 
83. 
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humoral factors will be discussed, 
Epstein £t (15) studied the pathogenicity of A. 
flavus for white female mice (CF strain) and found that 
tracheobronchial washings from control exposed mice contained 
very few extracellular spores. The majority of spores were 
phagocytized by aveolar macrophages by 16 hours. In experimental 
cortisone treated mice, phagocytosis occurred as early as 15 
minutes after exposure to spores and intracellular spore 
germination was confined to the period 6 hours following 
exposure. In control mice spore germination was not observed 
until 24 hours following exposure. These findings coincide with 
those observed in day-old untreated chicks exposed to A. flavus 
conidia. Earliest histopathological signs of spore germination 
are already present 1 day following 3rd exposure. The fungal 
viability experiment indicates germination begins before chicks 
are 4 days old. 
In general the total viable A. flavus spores recovered from 
whole chick lung are considerably lower than in the case of the 
other Aspergillus species. After inhalation A. flavus spores 
are rapidly phagocytized. Between the time of removal of chicks 
from the exposure chamber and homogenization of lung tissue, these 
intracellular organisms are acted upon by cellular enzymes. Recent 
experiments have indicated the significance of lysosome enzymes 
in relation to pathogenicity (41). 
Alterations in lysosomal membranes by cortisone were 
considered significant in the pathogenesis of experimental 
pulmonary aspergillosis (41). A decreased release of lysosome 
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factors were assayed by acid phosphatase activity and correlated 
with the ability of aveolar macrophages to kill or prevent 
germination of spores jm. vitro or in vivo. It seems evident from 
the data presented on infection of day-old chicks that there is 
a variation of pathogenicity between individual species of 
Aspergilli which may indicate the degree of suspectibility of 
spores to lysosomal factors (acid phosphatase, beta-glucuronidase, 
and calhepsin). Phagocytosis may represent the chicks first 
line of defense against Aspergillus conidia. The group of chicks 
exposed to A. flavus spores (Table I) whole lungs contained only 
13,345 spores after 75% exposure compared to 82,744 and 100,500 
spores in chicks exposed to A. fumiaatus and A. terreus 
respectively. This may indicate that the spores of A. flavus 
are less resistant to the actions of intracellular macrophage 
enzymes. 
On the other hand the spores in chicks exposed to A. terreus 
(Table I) appear quite resistant to initial attack by fungicidal 
factors. Although germination is almost consistantly absent or 
well contained, it can remain viable vivo for at least 14 
days in a phagocytized state (Table III). Once released from 
macrophages of the lung the spore is able to germinate on SDA 
media. Those other species of conidia retained by chicks are 
eliminated by the 9th day. It is suggested by the data that 
germination of A. fumigatus and A. flavus conidia is conducive 
to earlier destruction. Aspergillus conidia previous to germination, 
exhibit a strong hydrophobic nature. The spore swells due to 
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passage of water through the spore coat into the cytoplasm. 
Obviously, intracellular enaymes such as acid phosphatase could 
pass through the spore coat and impede hypha production. As 
A. terreus conidia almost always fail to germinate vivo 
perhaps enzymes are either partially inhibited from entering 
conidia or their action is less effective against this particular 
species. 
The effects of the enteric bacteria, E. coli upon 
pathogenicity of A. fumigatus probably can be accounted for by 
the lipopolysaccharides or endotoxins of this bacteria. The 
mild heat treatment employed does not inactivate the heat-stable 
high molecular weight aggregates. Although there is no evidence 
presented in the results a possible physiopathological effect 
of the endotoxins could have been to increase the activity of the 
reticulo-endothelial system. The presence of toxins allows more 
conidia to germinate in lung tissue where phagocytosis is 
hindered or reduced. Inactivation or removal of these toxic 
substances appears to be rapid since granuloma lesions are 
reduced to less than half 6 days following exposure (Table IV). 
The hosts' ability to phagocytize these conidia soon after 
exposure, and to kill or prevent germination then represents a 
key cellular mechanism in pathogenicity. An alteration of this 
mechanism, by presence of bacteria, (E. coli) suggests the 
importance of this mechanism in controlling prolific growth of 
hyphae. 
The most recent and extensive research on immunological and 
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biochemical properties of Aspergillus antigens was done in 
Japan (3, 4, 5). 
The chemical nature and immunological properties of 
2 fractions (AAP and APS - 66) have been investigated in 
detail and have been shown to be useful antigens for skin 
tests and precipitation reactions in rabbits and guinea pigs 
immunized with A. fumigatus. The peptide fraction used by 
Japanese workers differs slightly from that used in this study. 
Both mycelia and spores of A. fumigatus were employed by Azuma, 
et al. (3). 
Results obtained in this study from skin testing of 
immunized rabbits generally agree with those found by the 
Japanese investigators. However, since only the area of skin 
reactions were measured in their study to determine hypersensitivity, 
only limited comparisons can be made. At a concentration of 10 meg, 
Azuma showed that AAP provoked in A, flavus immune rabbits, good 
delayed reactions measuring 13 mm x 14 mm at 24 hours. In the 
present study delayed reactions measured at 24 hours were produced 
in the A. flavus rabbit when the animals were tested with the 
10 meg of AAP. These reactions measured 10 mm x 10 mm diameter 
and 11.3 mm^ in volume. The diameters are similar. However, it is 
evident that the volume is below the arbitrary significant limits 
established previously. 
The skin test results using APS also differ from those of 
the previous investigators in that an Arthus type skin reaction 
was provoked by the galactomannan (APS - 66) fraction as well as 
the AAP peptide fraction. Essentially the APS was found to be 
inactive both for skin testing rabbits and chickens. However 
skin testing the immunized rabbits long after immunization may 
explain this difference. Because the Arthus reaction is 
dependent upon circulating antibody, titers may have diminished 
during the 9-raonth-interval leaving only the delayed response to 
be detected. Skin testing of challenged chickens 9 weeks after 
exposure seems to support this argument. Low or absent circulating 
antibody in chickens at this time could account for the apparent 
inactive APS. 
Other investigators have shown an immediate response to 
carbohydrate isolated from submerged cultures of Trichophyton 
mentagraphytes (6). The pure glycopeptide was found to contain 
galactose and mannose (ratio from 1-3 to 1-8) and about 10-12% 
protein. This glycopeptide produced both immediate and delayed 
hypersensitivity in man and guinea pigs. 
Results of precipitation tests of rabbit sera drawn 85 days 
after immunization seems to indicate the APS fraction was not as 
sensitive as AAP for detection of precipitins. A four-fold 
difference in antibody titers between capillary tests (1:16 
compared to 1:256) for A. flavus indicates AAP to be the more 
suitable antigen for serology. Following the progress of 
immunization over a 41-week-period Azuma (5) on the other hand 
found precipitation better with the purified galactomannan APS -
66 than with AAP. The serological activity of AAP was attributed 
to a contaminating portion of carbohydrate which was shown by 
chemical analysis to constitute approximately 15% of the antigen. 
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Another portion of the crude polysaccharide extracted 
from royc@lia and spores of A, fumigatus (AFS - 33) was shown 
to have no serological activity. This portion was analyzed as 
a glucan polymer. In the present study further fractionation 
of the crude polysaccharide was not attempted. Apparently 
only a purified polysaccharide of galactomannan (APS - 56) will 
demonstrate high precipitin titers as well as Arthus skin 
reactivity. 
The distinct immunological properties of the Aspergillus 
protein fractions were investigated by further chromatographic 
fractionation. A particular portion of AAP was found responsible 
for serological activity and another for skin test hypersensitivity. 
Protein determination by UV spectrophotometrie analysis for 
all 3 antigens indicated overall similarity in that 2 broad 
portions were recovered. A 1st broad peak, which contained up to 
6 fractions, and a 2nd peak, eluted from the chromatography column 
rather late, consisted of essentially 1 fraction. 
The greatest immunologically reactive antigen fractions of 
A. flavus, as shown by skin reaction volumes in immune rabbits, 
were numbers 3 and 6. If the estimated protein concentration of 
these fractions can be accepted as reasonably valid, (8.0 and 
17.0 meg) it is seen that much lower concentrations of protein in 
these fractions elicit skin response in rabbits compared to whole 
AAP antigen. Similar concentrations of whole AAP A. flavus antigen 
3 
demonstrated a volume increase in the skin reactions of 16.9 mm 
3 3 " 
compared to reaction of 126.00 mm and 101.3 ram for fractions 
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2 and 3. Also, from this data it appears that a distinct peptide 
moeity in fraction 8 accounts for the Arthus response while a 
different moeity in fraction 6 accounts for the delayed response. 
Interesting too is the fact the higher molecular weight fractions 
2 to 6 account for the major part of all immunological response for 
all 3 antigens. As the molecular weights decrease there is a 
corresponding decrease of skin reactivity. 
Some similarity can be seen between the response in rabbits 
to AAP A. flavus fractions and the response in chickens to AAP 
A. fumigatus fractions. As shown by Figures 1 and 3 at least 
2 peptide fractions appear to be responsible for skin reactions; 
numbers 3 and 6 for A. flavus and numbers 4 and 7 for A. fumigatus. 
As in previous skin testing almost no activity was found in 
fraction 9 for either test antigen. 
In general id skin tests of the A. terreus rabbit with 
homologous AAP antigen fractions gave rather poor results. The 
only significant reaction was observed with fraction 3, but very 
little variation was observed between the 4 and 24 hour reading. 
The A. terreus fractions however, as plotted in Figure 2, were 
consistant with the A. flavus fractions in producing reactions only 
with high molecular weight peptides. 
In testing the cross reactivities of AAP protein fractions 
from A. fumigatus and A. terreus against the A. flavus immunized 
rabbit, it is seen that the response to fraction 8 (Table XV) 
corresponds to the immediate response elicited by the same fraction 
number of A. flavus (Table XII). The type but not the degree of 
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response to fraction 7 also appears to correlate with fraction 
6 of A, flavus. All other AAP A. fumigatus fractions produced 
little or no response in the immunized A. flavus rabbit. 
This is in contrast to the immediate response observed for 
fraction 3 of A. flavus (Table XII). This data may indicate 
a certain degree of similarity in response to id injection of AAP 
homologous Aspergillus antigens for both chickens and rabbits 
immunized in the same fashion. 
In testing the cross reactivity for AAP A. terreus antigen 
in the A. flavus rabbit, both fractions 3 and 6 corresponds closely 
with the A. flavus skin testing results in Table XII. From this 
data, the A. flavus immunized rabbit appears to be responding 
similarily to other AAP protein antigens to a degree that A. terreus 
AAP antigen may be more "immunologically" identical to A. flavus 
antigen than the A. fumi%atus AAP antigen. Figures of 
chromatography separation for all 3 species tends to indicate 
similarities in separation patterns. 
Further supporting this hypothesis are the serological 
cross reactions performed on immune rabbit sera against 
chromatographic fractions of AAP protein of A. fumigatus. 
Fraction 9 cross reacted strongly with immune sera from both 
A. terreus and A. flavus animals. Similar results were found in 
fumigatus immune chicken sera when tested against AAP protein 
fractions of A. flavus and A. terreus. However more precipitate 
was found in fraction 3 of A. flavus. Serological activity of AAP 
protein fractions of all 3 species of Aspergillus AAP protein 
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fractions indicate that the greatest activity was in the 
lowest molecular weight fraction. Calculated molecular weight 
have shown it to be approximately 6,800 to 10,000. The 
peculiar activity of fraction 3 in A. flavus seems to be a 
property of the antigen. There is a possibility that this 
fraction may contain a particular peptide chain that non-
specifically reacts with any chicken or rabbit sera. 
Three bands of precipitate with varying densities were 
noted in most serological reactions using chromatographic 
fractions. Gudin has suggested that substances other than 
antigen and antibody, called nonspecific substances (n.s.s.) 
are able to cause changes in the diffusion coefficient of Gudin 
tubes (32). Sodium cacodylate, sodium chloride, or phosphate 
glucose and mammalian sera were a few of the substances mentioned 
that can react nonspecifically. Since each antigen fraction was 
pooled from a number of tubes from the separation column, various 
sized molecular chains were present in each. If antibody response 
was directed against these moeities, several precipitins could 
be present. It seems reasonable to assume that at least 3 
precipitins are common to the Aspergillus species tested. 
Chromatographic fractions injected into wattles of A. 
fumigatus immunized birds indicate that hypersensitivity to fungal 
hyphae can be demonstrated. Since the characteristics of the 
chicken wattle does not allow for the determination of diameter 
of erythema, only the increase in wattle thickness was measured. 
Previously skin testing of other chickens in the pectoral area 
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showed the method to be unreliable. The antigen diffused 
rapidly from the injection 8itë» Asakura ̂  aJL. (2) had also 
observed that no redness or swelling was present in immunized 
domestic ducks, mallards, and pigeons when skin tested id 
in the pectoral region with an alcoholic precipitate antigen 
from mycelial extract of A. fumi^atus. Reactions that he 
observed were those of a yellowish colored degeneration. 
Wattle reactions observed from immunized chickens 52 days 
following immunization indicated that 2 fractions (4 and 7) were 
responsible for the 24 hour reaction. Only fraction 4 was 
responsible for the 4 hour reaction. The control nonimmunized 
chicken injected with trisHCl buffer showed a nonspecific increase 
in wattle thickness due to the fluid volume. After several hours 
however little response was observed following diffusion of the 
liquid from the wattle. 
Azuma (5) conducted experiments on immunological cross 
reactivities of various AAP protein fractions, from Cryptococcus 
neoformans, Streptococcus eriseus, Pénicillium, A. niger, 
Nocardia asteriodes, M. tuberculosis, M. fortuitium> and M. 
smegmatis with A. fumigatus immunized rabbits. These antigens 
gave no delayed type skin reactions. 
Delayed skin reactions however were elicited in rabbits 
immunized with A. flavus> A. niger, and A. fumigatus and tested 
with AAP obtained from A. fumi%atus (5). The AAP of A. fumigatus 
then appears to be genus specific. This statement excludes the 
results obtained in the A. terreus immunized rabbit since no 
delayed skin reactions was observed. 
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The results of pathological and cultural studies 
with WLH day-old chicks depict the course of infection over a 
25-day-period following infection. By day 4 aspergillotic 
visible lesions developed in chicks infected with A. fumigatus 
and A. flavus. The severity of the disease reaches a peak at 
10 to 12 days and then declines. Generally, A. flavus lesions 
disappear from air sac membranes at day 12. Lesions due to A. 
terreus are not as numerous as those produced by the other 
organisms and are completely resolved by day 10. The few lesions 
that develop in the A. terreus group of chicks appear later than 
those in the other groups. Probably this can be explained by the 
assumption that immunologically deficient chicks become infected 
while others do not. Histologically, lesions with developing 
hyphae are well developed by the 1st day following the last 
exposure. In general all lesions in lung tissue are accompanied 
by "buttons" on air sac membranes as shown by histological 
reactions of lung and air sacs. 
Antibody response as shown by the capillary precipitation 
test begins 10 days following the last exposure to A. fumigatus 
and A. flavus spores and continues to 30 days. Appearance of 
circulating antibody correlates with the disappearance of 
germinated hyphae in lung tissue. It is also highly possible that 
other antiglobulins may have been produced prior to the 10th day. 
Fukui and Ujasuda (16) found CF antibpdies in rabbits infected 
with A. fumigatus and these antibodies appeared in high titer 
(320) 6 days following inoculation. Skin hypersensitivity and 
precipitation tests become positive -from the 15th to the 20th day. 
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In summary, their results showed the earliest immunologic response 
to infection was the occurrence of CF antibodies followed by 
development of skin hypersensitivity and lastly of production of 
precipitins. Other researchers studying the immunological 
response in chickens to somatic antigens of gallinarium (14) 
have found that most of the initial class of immunoglobulin was 
IgM type followed by IgG type after oral infection with live 
bacteria. Their work confirmed findings of other researchers 
(10). They have shown that in S. gallinarium infections in 
chickens antibodies may be detected in the serum by the 2nd 
day using the antiglobulin HA test and only later by indirect 
HA and bacterial agglutination tests. Lipopolysaccharide which 
detected only antibodies specific for the 0 somatic antigen of 
Salmonella was used in the indirect and antiglobulin HA test in 
both these investigations. 
Depending upon the use of a suitable antigen and highly 
sensitive tests the immunological response in chickens to infection 
with Aspergillus conidia may occur before 10 days. Sensitivity 
of the capillary precipitation test is much lower than the above 
tests. Thus, a response to fungal infection probably occurs 
previous to detectable precipitin production found in A. fumi%atus 
and A. flavus WLH chickens. 
Due to the limited numbers of chickens in the WLH experiment 
skin testing could not be performed. However DeK chickens from another 
experiment, exposed to similar spore concentrations were used for 
skin testing 9 weeks after initial infection. Wattles were well 
96 . 
enough developed by this time to allow reactions to be measured 
with the Schnelltaster. Serological testing of chicken sera 
was also included at time of skin testing. In all chickens tested, 
skin response was best at 24 hours with respective whole AAP 
antigens (Figure 4). Antibody was detected by serological 
reactions in all groups except for those challenged with A. 
terreus. Negative reactions however were observed ̂ in 1 bird 
from each of A. fumigatus and A, flavus groups. 
In rabbits inoculated with A. fumigatus conidia, Fukui 
and Yasuda (16) found precipitin titers becoming negative between 
50 and 80 days. A similar trend of serological activity in 
chickens was found. The titers become negative by 9 weeks (63 days) 
in 4 of 8 birds tested. A comparison of results of wattle testing 
and serological testing seems to indicate that the chickens were 
in a state of delayed and slight immediate hypersensitivity by 
the 9th week. Since wattle thicknesses were not recorded earlier 
than 12 hours after injection, an immediate response was not 
detected. Circulating antibody was still being detected by 
precipitation methods however. 
The greatest difficulty in diagnosis of aspergillosis in 
young chicks prior to autopsy has been the lack of specific and 
sensitive antigens for serology and skin testing. Final diagnosis 
has always been based upon pathological findings, histological 
PAS staining, and cultural findings. Several days to a week may 
elapse before a positive diagnosis can be made. Antigens such as 
those used in this research promise a bright future for field 
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study as well as laboratory diagnosis. Of utmost importance 
however, is the isolation of an antigen with high specificity 
and a suitable degree of sensitivity. 
Sensitivity and specificity of the protein (AAP) 
and galactomannan (APS - 66) obtained from A. fumi&atus have 
been shown by previous investigators to be quite good. Delayed 
type skin reactions were provoked by the injection of 10 meg 
amounts of protein from A. fumigatus into rabbits. Lower doses 
(1 meg) reduced cross-reaction markedly so that only the A. 
fumigatus immunized rabbit showed a delayed response. The 
(APS - 66) carbohydrate antigen (A. fumi%atus) gave precipitation 
reactions with all species of Aspergillus rabbit sera (5). 
From these investigations it appears that specificity and 
sensitivity of the AAP and APS - 66 are suitable for testing 
immunized animals. 
Specificity is high for only Aspergillus immunized animals. 
The many common antigens shared by individual species within the 
genus make it difficult to separate the species. 
Fluorescent antibody results and serological results and skin 
test results using whole AAP antigens as well as chromatography 
AAP fractions indicate that the specificity between each Aspergillus 
species was not great. 
Immunization of chickens against A. fumigatus in FCA can be 
accomplished to obtain high titer immune serum for serology. Skin 
testing birds recovered from the disease is also possible. 
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Van Es and Schalf (39) were the first to determine the 
presence of tuberculosis in chickens by the intradermal tuberculin 
test. Tuberculin was prepared from avian tubercle bacilli and 
injected into the dermis of the wattle. An edematous reaction 
at 48 hours (hyperplastic dermal tissue) was considered 
positive and indicated that the bird had been exposed to avian 
tubercle bacilli. 
From the aspect of skin testing young Aspergillus infected 
chicks, the test in this study was hampered by the fact that 
wattles were too small for measurement at this age. Local 
swelling could easily be noted after injection of antigen but 
measurement of the skin thicknesses were impossible. After 6 
to 8 weeks of age, the wattles are suitable for intradermal testing. 
The maximum response at this time was manifested at 24 hours, 
gradually decreasing until the 5th day. Chickens at this time 
are in an allergic state and may possibly possess immunity or 
increased resistance to infection. 
The indirect FA technique employed in this study was 
apparently able to indicate antibodies, formed in chicks exposed 
to A. fumigatus conidia, previous to those detected by capillary 
precipitation methods. Some nonspecific background fluorescence 
was present in the negative control, but this was easily 
interpreted from chick sera tested to 25 days. The value of this 
technique as a diagnostic aid may prove important in indicating 
the state of the pathology. More studies however would have to be 
made, hopefully to detect low titered serum. 
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A relation between allergy (delayed hypersensitivity) 
and cellular immunity has been strongly debated by many 
investigators (26, 34, 36). Although it has been demonstrated 
that the allergic reaction does not necessarily cause immunity, 
delayed hypersensitivity and immunity develop in an animal at 
the same time (47). 
Rabbits given an iv injection of live BCG vaccine, 
developed macroscopic tubercles in the lungs. When the animals 
became tuberculin sensitive however, these areas became necrotic 
and infiltrated with polymorphonuclear leucocytes. Rapid 
destruction of the organisms followed and complete resolution of 
the tubercles. J.L. Turk stated: 
"It is therefore apparent that although the peripheral 
manifestations of delayed hypersensitivity do not form part of 
the defense mechanism, changes occur in the macrophages at the 
same time as the animal shows the earliest signs of delayed 
hypersensitivity. It is these changes rather than the inflammatory 
process associated with allergy which bring about the destruction 
of bacteria. It is not known in fact what these changes in the 
macrophages are." (47). 
All of this suggests that skin testing of infected birds 
may be of value in determining any resistance to infection. As 
was mentioned earlier immunologically-deficient chickens are those 
affected with the chronic disseminated type of infection resulting 
in death. The overall resistance to infection of a whole flock 
of chickens as measured by skin testing however could have some 
value. It is known that adult chickens possess considerable 
resistance to Aspergillus conidia. Perhaps this hypersensitivity 
as shown in those chickens tested at 9 weeks could be responsible 
for an increased resistance to reinfection. Precipitin titers 
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as indicated in this study develop rather early but also 
disappear after a short time. Their possible role as a 
diagnostic tool is limited by this fact. 
From an economic standpoint the poultry farmer, who 
receives unthrifty chicks, due to pre-exposure to Aspergillus 
conidia, must take losses if chicks fail to gain weight 
properly. The experiment on weight gain shows approximately 
a one-third loss in weight gain for the A, fumi%atus infected 
chicks. Such dramatic effects most likely predispose other 
diseases of adult birds. 
Solomon has shown that resistance of young chickens to 
infection with %allinarium is not based on opsonins, 
agglutinins or bactericidal antibody (44 I,II,III). He further 
suggests that the crucial antibody necessary for resistance may 
have not been studied or an exclusive cellular form of immunity 
is the protective mechanism (44 IV). 
Further studies using Aspergillus protein and polysaccharide 
antigens should be attempted to elucidate the immune mechanism 
specifically associated with resistance to infection. 
CHAPTER VI 
SUMMARY 
Methods were employed to infect day-old unsexed chicks 
via aerosol nebulization with Aspergillus conidia. Three species 
of Aspergillus most often encountered in pulmonary chick infections 
were investigated to reveal relative pathogenicity. Factors such as 
multiple exposure, length of exposure, use of adjuvants (E. coli) 
and dose were applied in various experiments. Single exposure to A. 
fumigatus conidia at various concentrations revealed a MID dose of 
3.16x10^ conidia/4.1/30 minutes for day-old DeK chicks. Lung counts 
of retained viable conidia soon after exposure were utilized in most 
experiments as a more accurate method of determining actual numbers 
of conidia causing infection. Lung counts indicated the MID cor­
responded to ca 100 conidia/g of fresh lung tissue. Clinical infection 
was also examined from the standpoint of pathology, histology, and 
culture findings. 
The immunological activity of protein and polysaccharide which 
was isolated from A. fumigatus was investigated in experimental animals. 
By the intradermal injection of protein into rabbits and chickens 
immunized with A. fumigatus, Arthus and delayed type skin reactions 
were provoked. The delayed type of reaction was elicited by AAP 
protein in those rabbits immunized 7 months previously. Arthus and 
delayed type reactions were observed in chickens immunized 52 days 
previous to testing. The polysaccharide fractions were found to be in­
active in skin testing. XOI. 
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Fractionation of AAP proteins from 3 species of 
Aspergillus was accomplished by gel filtration and the 
immunological activity of all fractions were tested. 
Protein was separated into 2 major components, a 
heterogenous high molecular weight portion, and a lower 
molecular weight portion. 
Serological activity was confined to the lower 
molecular weight fraction when tested by the precipitation 
test with immune rabbit and chicken sera. All skin test 
activity occurred with the high molecular weight fraction. 
Particular portions of this fraction were more active in 
eliciting immediate and delayed responses in rabbits and 
chickens as well as serological reactions. 
Skin testing of infected chicks with AAP 6 weeks 
following exposure demonstrated tentatively that this was a 
useful diagnostic tool in the detection of infection and/or 
pre-exposure to Aspergillus conidia. 
PLATE I 
FIG- I AspergiLlotic lesion in lung tissue sixth day after 
multiple exposure to A. fumigatus spores and E. coLi adjuvant 
(group II) PASX400. FIG 2 Resolving Lesion sixth day after 
singLe exposure to A. fumigatus spores (group III) PASXI60. 
FIG 3 A granuloma containing branched hyphae third day after 
singLe exposure to A. fumigatus spores (group III) PASXI60. 
FIG. 4 Lower power of (FIG I) PASXI60. FIG. 5 Normal Lung 
tissue of I4-day-oLd chick PASXI60. FIG. 6 Hyphae extending 
into area surrounding granuloma sixth day after muLtipLe 
exposure to A. fumigatus spores PASXI60. (Experiment III) 
PLATE II 
k 
FIG. 7 Two A. furoigatus challenged chickens, one on the Left injected 
with A. fumigatus APS antigen, the right injected with A. fumigatus 
AAP antigen. Only the left wattle of each bird was injected 
FIG. 8 Wattle reactions of A. flavus challenged chickens. The right 
bird was injected with A. flavus APS antigen, the left with AAP 
antigen. Only the right wattle of each bird was injected. 
FIG. 9 Wattle reactions of A. terreus challenged chickens. Left 
bird injected with A. terreus APS antigen, center injected with 
saline, the right injected with A. terreus AAP antigen. Only left 
wattles injected. FIG. 10 Two chickens from a group exposed to 
nonviable then viable spores. Wattle reactions exhibited in A. 
fumi&atus challenged chickens when the right bird was injected with 
A. fumigatus APS antigen and the left injected with A. fumigatus 
AAP antigen. 
PLATE 111 
FIG. 11 Middlebrook exposure chamber, L- ultraviolet lights, 
C- chamber. FIG. 12 Same chamber from different angle, B-
disinfectant bottles for exhaust air, P- air pressure valve, 
FIG. 13 Nebulizing mechanism, N- nebulizer, M- manometers, 
0- polyethylene tubing used to refill nebulizer when exposures 
were longer than 15 minutes. 
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